T 




Eurppaisches Patentamt 
European Patent Office 
Office europeen des brevets 



@ Pubtication number: 



0 311 452 
A2 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 88309421.1 @ Int.a.^: C 10 M 145/20 

C 10 L 1/18 

@ Date of filing: 07,10.88 //C10N30:02,C10N30:10 



@ Priority: 08.10.87 US 107507 

@ Date of publication of application : 
12.04.89 Bulletin 89/15 

@ Designated Contracting States: DE FR GB IT 



@ Applicant: EXXON CHEMICAL PATENTS INC. 
200 Park Avenue 

Florham Park New Jersey 07932 (US) 

@ inventor: Martella, David John . 
11 F. Brookline Court 
Princeton New Jersey 08540 (US) 

Jaruzelski, John Jan 

475 Channing Avenue 

Westfield New Jersey 07090 (US) 

@ Representative: Bawden* Peter Charles et at 
EXXON CHEMICAL LIMfTED EXXON CHEMICAL 
TECHNOLOGY CENTRE PO Box 1 
Abingdon Oxfordshire OX13 6BB (GB) 



CM 



m 



A request for addition of claims 51 . 52 and 53 has been filed pursuant to Rule 88 EPC. A decision on the request will be taken during 
the proceedings before the Examining Division (Guidelines for Examination in the EPO, A-V, 2.2). 

@ AlkyI phenol-formaldehyde condensates as fuel and lubricating oil additives. 

(g) Additives for improving the low temperature flow proper- 
ties of hydrocarbon oils are disclosed, which comprise the 
condensation reaction product of alkylated phenol and alde- 
hyde, wherein: 

(a) the polymer composition has a number average 
molecular weight of at least 3,000 and a molecular weight 
distribution of at least 1 .5; 

(b) in the alkylated phenol reactant the alkyl groups (i) 
are essentially linear, (ii) have between 6 and 50 carbon 
atoms, and (iii) have an average number of carbon atoms 
between 12 and 26, and 

(c) not more than 10 mole o^ of the alkyl groups on the 
alkylated phenol have less than 12 carbon atoms and not 
more than 10 mole % ot the alkyl groups on the alkylated 
phenol have more than 26 carbon atoms. The additives may 
also be sulphurised or produced in a branched backbone 
form In which monomer reactants are copolymerised with 
certain tri- or tetrafunctlonal comonomers. Blends ot these 
additives with various hydrocarbon oils, and particularly 
various middle distillates and lubricating oil compositions, 
whose low temperature flow properties are significantly 
improved thereby, are also disclosed. 
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Description 

ALKYL PHENOL-FOBMALDEHYDE CONDENSATES AS FUEL AND LUBRICATING OIL ADDITIVES 

The present invention relates to additives for improving the low temperature flow properties hydrocarbon 
oils More particularly, the present invention relates to additives for improving °^ P^Pf ^'^^^.^^^^^^ 
5 lubricating oil compositions. Still more particularly, the present invention relates to ^^f ' °^ 
compositrons having improved low temperature flow properties. St.Il more Parhcularly the preseirt^v^^^^^^ 
relates to methods for producing additives for improving the flow properties of these various hydrocarbon oil 
compositions. 

10 BACKGROUND OF THE INVENTION .. -t- ,„„ii i,„„„,n 

A large variety of additives for impro ving various properties in hydrocarbon oil compositions are known 
and in fict a iarje number of these compositions are being used on a commercial level. The >'ano"s additives 
are used for a variety of purposes, many of which relate to improving the low temperature (i.e.. 'ess than about 
ao^'F) flow properties of various types of hydrocarbon oils, including both lubncating oil fractions and other oil 
15 fractioSlcSnT^ oils, diesei oils, middle distillates, and the like. In particular, these flow improvers 
gene^a^ly modrfTthe wax crystals in both lubricating oils and other hydrocarbon fractions and crudes so as to 
^^XiZp.r.X.r. hldling, pumpability. and/or vehicle -P^^f^^^'^^^^?^^^.^ 
generally measured by a variety of tests, including pour point, cloud point ^^''[^ '^'^'^^^^^^^J^^ 
others Other such additives are used primarily for imparting other properties to these hydrocarbon fractions. 
20 including lubricating oil fractions, such as anti-oxidant properties and the like. t„,Hr^r.^rhr,n 
aoud point (ASTM D 2500) is the temperature at which wax crystals first appear as a haze in a hydrocarbon 
oil upon'^^Sing Such wax crystals typically have the highest molecular v^'^l^ght of the waxes in the 
hydrocarbon oil and therefore the lowest solubility. The cloud point of a hy^^^^^^^on o. ref ects ^^^^ 
temperature at which problems In filtering the oil are encountered. However, the cloud point of a lubricating oj 
as opposed to a fuel oil) is of less significance than is its pour point because the filters ^VP'^^ V f '^^^^^^^^^ 
by a rubricating oil (e.g.. combustion engine oil filters) have a relatively large pore size, and filter plugging is 
therefore less of a problem in these environments. .„i«i,„,rt 

Pour point is the lowest temperature at which a hydrocarbon oil will pour or J^J'.^f ^^^^^^^^ 
disturbance, under specified conditions. Pour point problems anse through ^^e formation of sold or 
rmi-sol^ waxy particles in a hydrocarbon oil composition under ^.^f d.<=°"d.t.ons^m^s^^^^^^ 
of the oil is decreased, the distribution of such oil by pumping or siphoning is "^e^dered difficult or impossto^^ 
when the temperature of this oil is around or below the pour point of the oil. Consequently, when the flow of oil 

^'TSs'thTrel^rbin^^^^^^^^ additives for the purpose of influencing the cold 

^ ''Th'e"?e::rIu:rriSc1tiSg'^n^^^^^^ (LOF.) covers all those additives which modify the size, 

numberand groTh of wax crystals in lube oils in such a way as to impart '-P-f'l '°«;^-Pf "-^"^^^^^^^^ 
pumpability and/or vehicle operability as measured by such tests as pour point, cloud point, and m'ni rotary 
visTometiy (MRV). The majority of lubricating oil flow improvers are polymers or contain polymers. These 

An noivmprs are aenerallv of two tvpes. either backbone or sidechain. 

40 ZoU as the ethylene-vinyl acetates (EVA), have various lengths of methylene 

selments r^idom^r S buted in the backbone of the polymer, which associate or cocrystallize with the w^ 
S^sTalsTnhSng further crystal growth due to branches and non-crystallizable seg--Ji - ^^^^^^^^^ 

The sidechain-type polymers, which are the predominant vanety used as LOF "^f ^ "lethylene segme^^^^ 
as the side chains preferably as straight side chains. These polymers work similarly to the backbone type 
Scept Ihe^de chkins have been found more effective in treating isoparaff ins as well as n-paraffms found in 
Tube o ll Mo^ speciJically. LOFI's are typically derived from unsaturated carboxylic = ^-^ij^^^^^^^^ 
are esterrfied to provide pendent ester groups derived from a mixture of alcohols. IVlost current oommerc al 
rddlTvesonhstyprthusrequiredtheuse 

examples of this ?ype of side chain LOFI Include dialkyl fumarate/vinyl acetate copolymers and estenfied 

. X:^JZ'£::S'^^X'£12Z^^^ it additives coUd be developed w^^'ch rely o^^^^^^^ 
rather than alcohols in the synthesis of low temperature flow improvers ^If^^o"* sacrt.^^^^^ 
conventional alcohol-based LOFI's. Several commercially unsuccessful attempts have been made in the past 

in British Patent No 1.173.975. The additive disclosed in this patent is phenol-aldehyde (preferably 
ormaSiyde polymer in which the phenol has an R-or RCO - substituent in which ^^^^^^ISI^TS^Z 
substituted hydrocarbyl. R is further said to contain from 18 to 30 carbon atoms, and is preferably a straight 
60 chain Sfgroup The'^specific examples in this patent which use olefins to provide these R sroups indude 
various internal olefins, and there is no specific disclosure regarding the «d^'ant«9es f "s^^^^^^^^^ 
therein. Another patent, British Patent No. 1.167.427. discloses the use of «f ^-^^ ° Pjf 
polymers for pour point reduction of fuel oils. In both of these British patents, the oils to be treated are said to 
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have a maximum viscosity of about 1500 cSt at 100°F. and neither recognizes the significance of utilizing 
specific alpha-olefins and mixtures thereof to produce these condensation products or the advantages of 
imparting essential linearity to the olefin-de rived side chains. 

Another additive composition which has been disclosed for use as a pour point depressant, so as to modify 
the surface of the wax contained within lubricating the fuel oil compositions by absorption or co-crystallization 5 
so as to reduce the fluid occlusion by these crystals, is a phenolic compound disclosed in U.S. Patent 
No. 3,336,226. The compound shown In this patent Is an alky phenol trimer having methylenic bridges which is 
mono-substituted by alkyi groups of between 14 and 25 carbon atoms. This patent specifically discloses 
trimeric compositions having number average molecular weights far lower than 3.000, in fact, lower than 1.500, 
and furthermore broadly discloses the use of olefins for alkylation of the phenol compositions prior to 10 
condensation with formaldehyde. The olefins disclosed in this patent are either terminal or internal olefins, and 
a trimer is prepared by conducting the condensation reaction in the presence of a metal hydroxide. Moreover, 
altrylation process conditions are not controlled to minimize rearrangement of even the terminal olefins. 

Another lubricating oil composition is disclosed In U.S. Patent No. 3.248,361 . In this case cylinder lubricants 
are modified In order to reduce combustion chamber deposits by using an additive product of an olefin oxide 15 
with either a sulfur modified condensation product of a substituted monohydric phenol that includes a 
hydrocarbon substltuent containing from 4 to 18 carbon atoms and an aliphatic aldehyde, or a partial salt of 
that sulfur-modified condensation product and an alkali metal, ammonia, or a Group II metal. This patent does 
not disclose a condensation product of an alkylated phenol and an aldehyde. U.S. Patent No. 3,951.830 
discloses lubricant additives particularly used as oxidation Inhibitors comprising sulfur and methylene bridged 20 
polyphenol compositions. These are prepared by reacting phenol with formaldehyde followed by sulfurization 
or by sulfurizing phenols prior to reaction with formaldehyde. This patent also discloses phenols which are 
substituted with aliphatic or cycloaliphatic radicals of a wide range and variety, and it also discloses the use of 
poly-substituted materials, such as dialkyi and trialkyi phenols therein. All of the examples in this patent 
employ tetrapropene, polyisobutene. and other such substituted phenol compositions therein, and not 25 
essentially linear alkylated phenols of a specified length. 

U.S. Patent No. 4.446,039 discloses yet another additive for fuels and lubricants which, in this case, is 
prepared by reacting aromatic compounds, such as phenol or substituted phenol Including alkyI groups of at 
least 50 carbon atoms, with an aldehyde, such as formaldehyde, and a non-amino hydrogen, active hydrogen 
compound, such as phenol, optionally along with an aliphatic alkylating agent of at least 30 carbon atoms. This 30 
patent also discloses that sulfurlzed additive compositions thereof can also be used as lubricant additives and 
fuel oil additives. It does not disclose the use of alpha-olefins of less than 50 carbon atoms for the alkylation of 
phenol. 

Another additive for improving the various cold flow characteristics of hydrocarbon fuel compositions is 
disclosed in U.S. Patent No. 4,564,460. In this patent the additives are broadly disclosed as including either an 35 
oil soluble ethylene backbone polymer or various hydrocarbyl-substituted phenols as a first component and 
various reaction products of hydrocarbyl-substituted carboxylic acylating agents and amines and/or alcohols. 
The hydrocarbyl-substituted phenol constituents of this overall additive are also broadly described, and they 
can include repeating aromatic moieties, such as those shown in column 14 thereof, in which the R* groups 
include hydrocarbyl groups of from 8 to 30 carbon atoms. These, in turn, can be provided by internal olefins or 40 
alpha-olefins, and can be either straight or branched. Notwithstanding the extremely broad disclosure of this 
patent, not a single working example is provided therein which makes or tests any hydrocarbyl substituted 
phenol or aldehyde condensation product thereof. 

British Patent No. 2,062,672 discloses another such additive, in this case including a sulfurized alkyI phenol 
and a carboxylic dispersant. The alky! phenols disclosed in this patent can include alkyI radicals of up to 1000 45 
carbon atoms, but the disclosure also mentions the use of methylene-bridged alkyi phenols prepared by the 
reaction or the alkyI phenol and formaldehyde. 

Finally, Canadian Patent No. 1,192.539 discloses yet another alkyl-phenol-containing lubricant additive. In 
this case the lubricant is designed for two-cycle engines and the phenolic compound includes a hydrocarbyl 
group of an average of at least ten aliphatic carbon atoms. Furthermore, the disclosure states that the 50 
aromatic ring can be a linked polynuclear aromatic moiety, which can also include other substituents. Once 
again in this case the disclosure is very broad, and includes innumerable variations on the alkyI phenol 
component. 

Irrespective of all of the above, and the large number of additive compositions which have previously been 
proposed and utilized for altering the various flow properties of hydrocarbon oils and lubricating oil 55 
compositions, the search has continued for additional flow improving compositions which can not only 
significantly Improve the flow characteristics of these various hydrocarbon compositions, but which also can 
be easily produced on an economical basis. 

SUMMARY OF THE INVENTION ^ 

In one aspect of the present invention, there is provided a polymer composition capable of improving the 
low temperature flow properties of hydrocarbon oils comprising the condensation reaction product of 
reactants comprising alkylated phenol, comprising at least 80 mole o/o difurrctional alkylated phenol, and 
aldehyde wherein : 

(a) the polymer composition has a number average molecular weight of at least about 3,000 and a 65 
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2d n« ™re Sin =*»u. 10 ™l. * of L «kyl group, on the =lk,«.d pl»nol teve more ««, 26 
toT^^'rS'lmbodlmsnt. th. pdymertc composition om be represented b, «» lormute: 
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(I) 



S n .s a nlber of at?easfabout 5; and (f) the polymer has a number «f ^^9; "^^^"'^^^^^^^ 
Sum!500 and a molecular weight distribution of at least about 1 .5. In a preferred embodiment. R in formula (I) 

°° nSe?S>eat of the present Invention the polymeric compositions are sulfurized. and preferably have a 

TrotryperoTrthtpt^^^^^^ 

with Smonomer. which preferably can be either a trifunctlonal comonomer having the formula. 
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Wherein Re and R7 can be hydrogen, alkyl. aryl. alkoxy. aryloxy. alkyi mercapto. or halogen; or a tetrafunctional 
comonomer having the formula: 
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Wherein Re can be hydrogen, alkyl, aryl. alkoxy. aryloxy, alkyl mercapto. orhalogen. In a preferred embodiment, 
"ra^c^o^d^nr; :S?i;itre; a^c "L^t^nt^n^ • addit.es are provided by react.g 
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alkylated phenol represented by the formula: 




wharein R represents essentially linear alkyi having from 6 to 50 carbon atoms in which the average number of 
such carbon atoms in all of the alkyI groups is between about 16 and 22, wherein not more than about 10 
mole Q/b of the alkyI groups have less than 16 carbon atoms and not more than about 10 mole tVo of the alkyI 15 
groups have more than 22 carbon atoms, with formaldehyde, and optionally comonomer selected from 
formulas (II) and (III) above. 

In accordance with another aspect of the present invention, a method for preparing these polymeric 
compositions is provided. 

In accordance with a preferred method of the present invention, the condensation step is conducted In the 20 
presence of the trifunctional or tetrafunctlonal comonomer components discussed above. 

In a still further aspect of the present invention, hydrocarbon oil compositions containing these polymeric 
additives are provided. 



BRIEF DESCRIPTION OF THE FIGURES 25 

The following detailed description can be more fully appreciated with reference to the attached Figures, in 
which: 

FIG. 1 Is a graphical representation plotting pour point versus average carbon number of the pendent 
alkyI groups of the alkyf phenol-formaldehyde condensates hereof; 

FIG. 2 is another graphical representation plotting pour point versus average carbon number of the 30 
pendent alkyI groups for the alkylated phenotformaldehyde condensates hereof, with a different oil blend ; 

FIG. 3 is a graphical representation plotting pour point versus additive concentration ; and 

FIG. 4 is a graphical representation plotting pour point versus the weight average molecular weight for 
the alkylated phenol-formaldehyde concentrates hereof. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

The additives of the present invention comprise fuel oil and lubricating oil flow improvers which are effective 
for modification of the size, number, and growth of wax crystals in various hydrocarbon oils, including fuel oils 
and lubricating oils, so as to impart improved low temperature flow properties to these oils. Most particularly, 
when used in connection with lubricating oil compositions, these lubricating oil flow Improvers are also 40 
effective to improve the low temperature handling, pumpability, and/or vehicle operability as measured by 
such tests as pour point and mini-rotary viscometry (MRV). When used in connection with fuels, such as 
middle distillate petroleum fuels, such as diesel fuels, heating oils and the like, these fuel oil flow improvers are 
also effective to improve the low temperature handling characteristics thereof, as most particularly measured 
by such tests as cloud point and pour point tests. Secondarily, these materials also possess anti-oxidant 45 
activity. 

The additive compositions of the present invention are prepared by the alkylation of phenol with specified 
more readily available and less expensive alpha-olefins. or blends thereof, under conditions sufficient to impart 
essential linearity to the alkyI group of the alkylate, followed by condensation with an aldehyde such as 
formaldehyde so as to produce polymers having certain specified molecular weights. More particulariy, the 50 
use of the specific linear alpha-olefins which are set forth below in the manner described results in superior 
lubricating oil and fuel oil flow improvers relative to other alkyI phenol-formaldehyde condensates employed in 
the prior art. As will be demonstrated, these particular polymers are particulariy and unexpectedly superior in 
terms of their ability to co-crystalize with the wax crystals in these hydrocarbon oils. Furthermore, in 
accordance with other embodiments of the present invention condensate polymers are produced in a 55 
sulfurized and/or more highly branched form, for molecular weight enhancement, and to thus further improve 
the low temperature flow properties of these various hydrocarbon oils. 

The particular alkyI phenol-aldehyde condensates which form the basic polymers of the present invention 
are generally produced by an initial alkylation step, followed by condensation with the aldehyde component. 

Alkylation of the phenol is initially conducted with a linear alpha-olefin or blend of linear alpha-olefins which 60 
are terminal olefins, as contrasted to internal olefins. In this manner. It Is possible to produce final polymers in 
which the alkyI group attached to the benzene ring is essentially linear. By "essentially linear" is meant greater 
than 35, preferably at least 40, and most preferably at least 50 mole.Q/o of the alkyI groups derived from the 
olefin alkylating agent and attached to the aromatic ring of the phenol group (exclusive of the alkyI groups of 
any tri- or tetrafunctlonal optional comonomers described hereinafter for molecular weight enhancement) in 65 
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the alkylated product ".s Hnear. except for a -^^hy. ^roup pe^^^^^^^^^ S^X'tlS^^^^nTp^^^^^^^^^^ 
ring. More specifically, since terminal alpha-olefins are e"^P'°y7j°' J"^.^'^^^^ thereof thereby leaving the 
herewith, the'terminal olefins will a«ach to ^he arc-^^^^^^ Thus! expressed 

alpha carbon as a methyl group P^^^ant from the bete^^^^^ 

sr;rXursS^^^^^^^^^^^ Ssiihr ^"^^ 

linear terminal alpha-olefins. This reaction can thus be shown as follows. 



15 



20 



OH 




+ CH-, = CH - R 



- 12K cal. 



H 





. r,- .• anHR' and R" are linear alkyl groups derived in Whole or in part from R. 

25 and in which reaction R is linear alkyl. and R and R J'V^f^^nl ^ somewhat complex product. In the 
This exothermic reaction is thus a sjmple cation^ re^on resu^^^ ^^.^.^ conditions and 

Ideal reaction the olefin forms a carbonium ion f ^^^J!,^"" ^""he ortho or para positions. Without 
temperatures. This cation can then readily "if '^^^J'^ Pf^T"^^^^^ 

rearrangement, the carbonium ion spec.es will *° ^^^^T^TSa of the original olefin, with R" 

30 R' will thus constitute a pendant methyl group ^^"^^jJ.^^^J^^^^^ S^R "n reality, however, many side 
constituting the remainder of the Imear alkyl ^^ain ong.n^ly deflne^^^^^^ 

reactions are possible. Thus, the cat.on can back to «.e °^2'^°^^^^^J^, causing the length of 
thereby producing attachment to the aromatic nng ^^^^ .^^^^ '"J^bee^ that if these rearrangements 

jj?jo?rnrih':;r^^^ 

Z::iV^T^i^^r^c..'^^ o. or\e^ oil which Jhey^^^^^^^^^ to maximize the 

It is therefore critical to the present '"venl.on to n^inn^e these^^^^^ 

attachment of the alkyl groups at the 2-Position (i.^^a^on "J -^^,^1 carrying out the 

found that there are methods to minimize ^"^^ rearr^gement and t^^^^^^ y ^^^tures. More 
alkyiation process at lower reaction t^-^P^-:^^" f ^/^^ "Kf^^^^^^ 

partcularly. although the alkyiation P'^^'^^f '^^^^'^ ^^^^ temperatures of at or below about 100°C. 

;rraivrtrbl^™ 

90° C. to minimize rearrangement. position than the ortho 

:trnr~"^^^^^^^^^ 

''tSh^rcSasp^ct oflhrpTe's'ent invention is the carbon number and carbon number distribution of 

nrpiarss^^^^^^^^ 

indicated above, crucial to the about 4 and 

alpha-olefins have the formula CHz = CH - ^^ich R s ^^''^f '^^ J J^-olefins used for thfe 
about 48 carbon atoms, and in which the specific alpha-olefin °' atjout 12 and 26 (e.g. 14 

has an average carbon number (on « -^--g^^f ra^J,^^^^^ preferably between 
and 24), preferably between about 16 and 22 (e.g., 1/ ana ^i. or lo duu 

about 18 and 20. ^ • ^ +u«r^ oKr^nt in mnip o/n nreferablv not more than 
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about 22 carbon atoms. These proportional requirements are thereby Incorporated Into, and embodied In, the 
final condensate polymer. 

The particular average carbon number range which Is most desirable will depend upon the ultimate 
environment of the alkyi phenol condensate which Is produced hereby. That is. as Is specifically shown In the 
data presented below, when used In connection with fuel oil formulations, additives In accordance with the 5 
present invention will preferably utilize a slightly lower average carbon number for these R groups. 

More particularly. It has thus been found that in connection with such fuel oils, including diesel fuels and 
heating oils, to maximize cloud point reduction an average carbon number of about Ci8 is most desired, while 
to maximize pour point reduction an average carbon number of about Cie is most desired. 

On the other hand, in connection with lubricating oil compositions the average carbon number for 10 
maximizing pour point reduction Is an average carbon content of from about Ci8 to C20. 

Moreover, within each class of hydrocarbon oils. i.e.. fuel or lubricating oil, each specific hydrocarbon oil can 
be associated with an optimum average carbon number for the R group (also referred to herein as the alkylate 
average carbon number) to achieve maximum cloud point or pour point depressancy relative to the base oil 
without any additive. Optimum pour depressancy will typically be achieved by an average carbon number that 15 
is lower than that needed to achieve optimum cloud point depressancy for a given hydrocarbon oil. 

It has been further found that while the molecular weight and molecular weight distribution (Mw/Mn) of the 
condensate polymer, degree of branching, and concentration of the condensation polymer in the hydrocarbon 
oil all affect, and are important for achieving low temperature flow performance, the two most dominant factors 
are the optimum alkylate average carbon number and the essential linearity of the alkyI group. 20 

It has also been found that in any given situation the use of a range of alpha-olefins surrounding the optimum 
average carbon number is superior to the use of a single alpha-olefin having that number of carbon atoms. In 
any event, the most preferred alpha-olefins for use herein will thus include Vhexadecene. 1-octadecene. 
l-eicosene, 1-docosene, 1-tetracosene, and mixtures thereof. 

A further important factor in conducting the alkylatlon reaction is the minimization of monofunctional 25 
alkylatlon product (e.g., most dialkylate products) and the maximization, relative to monofunctional alkylate, of 
difunctional alkylate products (e.g., mono alkylates) In the phenol alkylation reaction. As discussed hereinafter, 
the final alkyI phenol aldehyde condensation product is synthesized to possess certain minimum requirements 
in terms of molecular weight and molecular weight distribution. If the alkylated phenol product mixture 
employed for condensation contains too much monofunctional dialkylate, then the final condensation polymer 30 
will not meet such requirements. This stems from the fact that when a second alkyI group attaches to the 
phenol to yield a 2,4- or a 2.6- dialkyi phenol, It results In a monofunctional dialkylate molecule which, if reacted 
with a growing polymer chain, would terminate chain growth in the following nrianner: 




40 



45 



50 



More specifically, the functionality of the alkylated-phenol reaction product expresses the number of 
available reactabie sites, which remain on the alkylated phenol after alkylatlon, that can participate In the 
polymerization reaction through propagation of a growing polymer chain. The only freely reactabie sites on an 
unsubstituted phenol molecule for purposes of polymerization are the 2-. 4-, and 6- carbons of the phenol 
aromatic ring. Thus, unsubstituted phenol Is a trifunctional molecule. If monoalkylation occurs at only one of 60 
the 2-, 4-, or 6- positions, the resulting monoalkylate is said to be difunctional. since one of the reactabie sites 
has been eliminated through substitution of an alkyI group thereon. Similarly, the substitution of alkyI groups at 
any two of the 2-, 4-. or 6- carbons of the phenol molecule through dialkylation will result In the formation of a 
monofunctional dialkylate product. Thus, 2,4-dialkyl phenol and 2.6-dialkyl phenol are monofunctional 
dialkylates which will lead to chain termination, and thereby limit polymer molecular weights. While 2,5-dialkyl 65 
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dialkylation leads to the formation of monofunctional monomer. Thus. ^^^^^'"'^^^^^ 
5 undesirable is technically a reference only to dialkylation «^''°^y'?^'f„'"°"°^S^^^ and the 

An eauation relating the maximum degree of polymerization (DP) to the extent of reaction ip* ana 
function^Hy (Vof the reactants Is referred to as the Modified Carothers Equation: 

TOs eSon can be used to show that a monofunctional dialkylate monomer severely limits the maximum 
be employed to increase the molecular weight of the final condensation polymer and/or to compensate for the 

^Thr^hrtaTgeTriSrafwt^^ 

Of dSciontC monoalkylat% monomer to be t^^^^^ 

about 85 mole o/o. and most preferably at least about 90 mole o/o. a"'^^''^^' J?^?^"^"^ ^ 95 to 100) 
S° 0 (iTo^oX. amol. Jl»s«. on the m«e. o! n™non,=r In the alkytete n»no™r 

Kirk-Othmer Encyclopedia of C hemical Technology , 2nd Edition, Vol. 1, pp. o^o. u l^^L^^nr^o th^rpto A 

used which have high silica to alumina ratios and which have ,^"5 P";^^'^^^, catSv^^^ by 
t;;:,T:'^°ZTJZ^«kf^:^^^»y r„gs of snioo. „d alu-lnu„ atoms 

ss?.e^r=ss5,??s,%=s^rresrr,,r^^^^^ 
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alpha-oleflns gives a ratio of ortho to para attachments on the phenol of about 2:1. In contrast with the 
alkylated phenol product of this reaction, the use of a branched internal olefin or a mixture of branched internal 
olefins gives a ratio of ortho to para attachments on phenol of about 1:18. However, essentially linear alkyi 
groups attached either ortho or para to the hydroxy group perform equally well. 

The next step in the preparation of the polymer additives of the present invention is the actual polymerization 5 
or condensation reaction. The reaction itself is a condensation of the above-described alkyI phenol in the 
presence of aldehyde or the functional equivalent thereof. The function of the aldehyde is to bridge and link the 
alkyI phenol monomer. In particular, aliphatic ketones and aldehydes can be used herein to perform the 
bridging function and include those represented by the formula R-C(0)R', where R and R' are hydrogen or an 
alkyl group having at least 1 carbon atom, and generally between 1 and 30 carbon atoms. Most preferably R' io 
will be hydrogen, i.e., in the case of the aldehydes, and from a practical standpoint, these aldehydes (or the 
corresponding ketones) will generally range from 1 to about 20 carbon atoms, and preferably from 1 to about 
10 (e.g., 1 to 7) carbon atoms, with formaldehyde being highly preferred. Other aldehydes which can be used 
herein but which are less preferred than formaldehyde are acetaldehyde, 2-ethylhexanal, and propionalde- 
hyde. In addition, aromatic aldehydes. sucJi as benzaldehyde. may also be utilized. The term formaldehyde as 15 
used in connection with this invention -includes reactive equivalents of formaldehyde under reaction 
conditions, a reversible polymer thereof such as paraformaldehyde, trioxane, or the like, and can thus be 
produced from the decomposition of paraformaldehyde, etc. 

The condensation reaction with the alkylated phenol composition is generally carried out at temperatures in 
the range of from about 50** C to about 150°C. preferably in the range of from about /S'^C to about 125**C. 20 
Temperatures below about 50°C are undesirable as the rate of reaction is unduly slow, while temperatures 
above about 250° C can be used, but will normally result in degradation of the materials. The reaction is 
generally carried out in the presence of an acidic or basic material. The preferred acid catalysts which may be 
employed include hydrochloric acid, phosphoric acid, acetic acid, oxalic acid, and strong organic acids, such 
as p-toluenesuifontc acid,, etc. While the relative proportions of the ingredients used are not critical, it is 25 
generally desirable to use a mole ratio of alkyl phenol to aldehyde in the range of from about 2:1 to about 1 :4, 
and preferably of about 1 :1. While the amount of acid or basic catalyst used in the formal dehyde-alkyi phenol 
condensation reaction is also not critical. It is usually convenient to use about 1 to 5 wt. P/b, based on the 
amount of formaldehyde used in the reaction. 

The reaction between the alkylated phenol and the formaldehyde may be carried out in the absence of a 30 
diluent, but it is often convenient to use a suitable diluent, typically a substantially inert organic diluent such as 
mineral oil or an alcohol, ether, ether alcohol or the like, such as diluents including benzene, toluene, xylenes, 
paraffins, and the like. Diluents may be advantageous in aiding the maintenance of reaction temperatures and 
in the removal of water of reaction therefrom. 

Furthermore, pressure is also not a critical factor, and can be atmospherical or below up to 1000 psi or 35 
higher. Atmospheric pressure is preferred for convenience, and the pressure should be sufficient to maintain 
the reactants in the liquid phase. 

The reactants, together with the catalyst and any diluent which is employed, can thus be charged to a 
reactor and reacted under the conditions set forth above. Water of reaction, together with smy water that may 
have been introduced with the initial charge, is removed during the course of the reaction to drive the 40 
condensation to completion. This can most conveniently be done by overhead distillation, although other 
techniques known in the art can also be employed. The condensation is essentially complete when no further 
water of reaction is eliminated. The crude reaction product mixture can then be cooled, neutralized, 
water-washed to remove the catalyst, dried, and then stripped to remove excess reactant, any unreacted 
materials, and any diluent that may have been used. 45 

The condensation reaction is conducted in a manner and under conditions sufficient to achieve or surpass 
certain minimum number average and weight average molecular weight targets. Accordingly, the 
condensation reaction is conducted to Impart to the final polymer a number average molecular weight (Mn) as 
determined by vapor-phase osmometry of at least about 3,000 (e.g., at least about 4,000), preferably at least 
about 5.000, and most preferably at least about 7.000, and typically from about 3.000 to about 60.000 (e.g., 50 
4,000 to 60.000). preferably from about 5,000 to^bout 30,000. most preferably from about 7.000 to about 
20,000, and a weight average molecular weight (Mw) as determined by gel permeation chromatography, of at 
least about 4.500 (e.g.. at least about 5,000), preferably at least about 6,000, and typically from about 4,500 to 
about 100.000, preferably from abut 10.000 to about 70,000 (e.g.. 6,000 to about 36,000), and most preferably 
from about 20,000 to about 50,000. 55 

The maximum number and weight average molecular weights are limited only by the solubility of the 
condensate polymer In the particular hydrocarbon basestock in question. 

It is most preferred that these polymers have a ratio of weight average molecular weight to number average 
molecular weight (Mw/Mn), commonly referred 1o as molecular weight distribution, of greater than about 1.5, 
preferably greater than about 2.0, and most preferably greater than about 2.5. and typically from about 1.5 to 60 
about 34. preferably from about 2.0 to about 24. and most preferably from about 3.0 to about 7.0. Generally, the 
higher the weight average molecular weight, the better suited or more effective these polymers are for 
improving the flow properties of various hydrocarbon oils in accordance with the present invention. 

While number average molecular weight (M^) can conveniently also be determined by gel^ permeation 
chromatography (GPC). it is considered that VPO techniques are more accurate, although the Mn by the GPC 65 
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technique will typically approximate by VPO within ± 1000. more typically ± 500. 

Tn one embodiment, polymers or condensates which are thus produced in accordance with this process can 
be represented by the following formula: 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 




(I) 



in which R' is an alkyi group derived from the ketone or aldehyde reactant having from 1 to 30 carbon atoms, 
and preferably having from 1 to 20 carbon atoms, R. represents attached essentially hnear groups 
discussed above derived from the linear alpha-olefin having from about 6 to 50 carbon atoms in which the 
average number of carbon atoms in all of the groups constituting R is between about 12 and 26, preferably 
between about 16 and 22. and most preferably between about 18 and 20. and in which no more than abou 10 
mote «yo of alkyI groups have less than 12 carbon atoms and no more than about 10 mole o/o of alkyI groups 
Slve more tSn^26 carbon atoms; Ra. R3, R4 and Rs independently 

described in connection with Ri. with the proviso that at least one of R2 and Rs is said alkyI and at least one of 
R3 and R4 is said alkyi. The hydroxy group of the phenol will be located on an aromatic carbon which is 
adjacent to a carbon on which at least one of the R' groups is attached. 

The value of n is subject to the number average molecular weight targets discussed above, and the 
minimum value thereof expressed hereinafter will consequently vary depending on the average carbon number 
of the olefins employed for alkylation and the number of repeating units controlled by n necessary to achieve 
such Wn values when accounting for said olefin average carbon number. » , , c „ i^oot 

Accordingly, n is a number which, subject to the above constraints, will typically be at least 5 (e g at least 
8). preferab?r at least 10 (e.g.. at least 12). and most preferably at least 15, and can vary typically from about 5 
to about 80. preferably from about 10 to about 60. and most preferably from about 15 to fb^ut 30. 

AS indicated ^ove. it can be somewhat difficult to increase the molecular weights of the alkylated 
phenol-aldehyde condensates beyond a certain level because of the propensity of dialkylate monomers to 

*''Sf slch'tay 'Strther increase molecular weight is to form a sulfurized alMated jjenol-^^^^^^ 
condensate polymer. Such sulfurization can be carried out by employing a sulfunzing agent such as elemental 
sClfur a sum? halide such as sulfur monochloride. or preferably sulfur dichloride 

itself is typically effected by heating the alkylated phenol-aldehyde reaction product with the sulfunzing agent 
aUeriperaS of between about 50 and 250°C. and preferably of at least about 160"C if elemental sulfur is 
used, and optionally in the presence of a suitable diluent such as those recited above. This is ^jarned out for a 
period of time sufficient to effect substantial reaction with the sulfurizing agent. It is general y preferable o 
Tnco^orate between about 5 and 10 wt. o/b of sulfur into the alkylated phenol-aldehyde P;°duct Particular^, n 
tS cases where a sulfur halide is used as the sulfurizing agent, it is frequently preferred to use an acid 
acceptor suh as sodium hydroxide, sodium acetate or the like to react with ^t^^ '^.^''''''^r h 1 t.fft .r «n2 
VnerL. The precise molecular structure of the product formed by sulfurization is believed to be a st^h'r and 
alkylene (e.g. methylene) bridged polyphenol composition. By doing so. the number average * 
of these compositions can be increased to greater than about 6.000. and 

as determined by gel permeation chromatography, to greater than about 8.000, and P':«*«'-a^ly b^^^ 
10 000 and 100.000 (once again as limited by the solubility of these compositions in the particular basestocks 
involved). Furthermore, incorporation of sulfur provides anti-oxidant properties for these additives A less 
pr^erred alternative method for achieving sulfurization is to incorporate the sulfunzing agent into the 
55 condensation reaction mixture. . 

There are yet additional and/or alternative methods of Increasing the molecular weight of the alkylated 
phenol-aldehyde condensate flow improvers of the present invention. In one such method the ^^^^^fl'^^^^ 
step is carried out In the additional presence of trifunctional or tetrafunctional comonomer (^^^r^^t'^^^^^V ^^eing 
reactable sites) so as to produce an ultimate condensation polymer having a branched backbone rather than 
60 linear backbone as shown in formula (I) hereabove. wherein said linear backbones are crosshnked through 
these tri- and tetrafunctional monomers. 

In particular, a trifunctional comonomer having the following formula can be employed: 



65 



10 



ISDOCID: <EP 0311452A2_I_> 



EP 0 311 452 A2 



OH 




5 

(II) 



10 



In which Re and R? can be hydrogen, alkyl. aryl, alkoxy, aryloxy, alkyi mercapto, and halogen. More particularly. 

It is preferred that Re and Rr include branched or straight chain alkyI groups, preferably straight chain, such as 

Ci through C3 alkyl, preferably methyl, Ce through C14 aryl, Ci through C22 alkoxy, Ce through C14 aryloxy, Ci 15 

through C30 alkyI mercapto, and preferably halogens such as chlorine and bromine. 

As discussed above, 3,5-dialkylate is difficult to achieve under normal alkylatlon conditions. Consequently, a 
variety of methods well known in the art can be employed to achieve 3.5-dlatkylation. One such method 
Involves a thallatlon reaction wherein, for example. 1,3-dimethyl benzene Is contacted with a thallium trifluoro 
acetate catalyst to cause stereo specific oxidation to 3,5'dlmethyl phenol. 20 

Representative examples of trifunctlonal monomers include phenol, m-cresol, 3,5-xylenol, m-phenyl phenol, 
m-methoxyphenol, orcinol, and m-methyl mercapto phenol, while phenol is preferred. 

For example, when phenol is employed as the trifunctional monomer, then a portion of the branched 
backbone can be represented by the following formula with an asterisk indicating the original phenol 
trifunctional monomer: 25 




5a 



35 



40 



45 



It is thus possible in this manner to produce such polymer condensates having weight average molecular 
weights determined by gel permeation chromatography of greater than about 10,000. preferably between 
about 10,000 and 100,000, and most preferably greater than about 20,000. SO 

Even further branching is achieved with tetrafunctional monomer, which can crosslink four linear 
backbones. 

The tetrafunctional comonomers which can be used in the polymerization step of the present invention can 
have the formula: 

55 



60 
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« (III) 



in which Re independently can be the same hydrogen, alkyl. aryl. alkoxy. aryloxy. alkyi mercapto. and halogen 
components discussed above in connection with the trifunctional comonomers as formula II hereot. 
IS Representative examples of suitable tetrafunctional comonomers include bisphenol A- oisphenol tJ 
methylene-4.4'-bis (3,5-dibutyl phenol). methylene-4.4'-bis (3.5-dimethoxy phenol), and methylene-4.4 -b s 
(3,5-dimethyi mercapto phenol), with bisphenol A being preferred Again, in this « also Possibte to 
produce such polymer condensates having weight average molecular weights determined^ S^'^Tm^^ 
chromatography of greater than about 10.000. preferably between about 10.000 and 100.000. and most 
20 oreferablv qreater than about 20,000. - 

The amount of such trifunctional and/or tetrafunctional comonomer employed in the polyrnenzation or 
condensation step of the present invention must, however, be limited to a certain extent. That js. the amoun of 
comonomer present should be less than about 10 wt. o/o of a combination of the alkylated phenol and the 
aldehyde, and preferably less than about 8 wt. o/o. It has thus been found that if too great an amount of the 
25 Afunctional and/or tetrafunctional comonomer is present, that material tends to crosslink to the extent that ^ 
insoluble mass can be formed thereby. This can be avoided, however, by using the ^^^^/f/J^^"^^;^^^^^^^ 
and additionally by conducting the polymerization m the presence of small amounts of the tn^^c* ^^^^ <^ 
tetrafunctional comonomer. Also, this comonomer can be continuously added during *he course of 
polymerization, thereby becoming diluted with the polymerizing alkyl phenol composition to maintain the 
30 comonomer as dilute as possible throughout the polymerization reaction. • ^ „h.>r,«i 

It is also contemplated, although less prefen-ed. that blends of separately synthesized alkyl phenol 
condensates meeting the aforedescribed requirements can be employed. „k„.*«, 
Fo^Surpose of discussion, when such blends are employed, the overall alkylate average carbon numberfor 
each polymer component in the blend in which the alkylate portion thereof is derived from a single alpha-olefin. 
or single mixture of alpha-olefins. can also be refen-ed to herein as the alkylate '"^^'-^^ f "'^^ °"thrn^^^^^ 
However, the alkylate Intra-molecular carbon average of each polymer component .n the ^'end '^ar. then also 
be averaged on a molar basis to determine what is referred to herein as the alkylate inter-molecular carbon 

^Thlt beVn found" that when the optimum alkylate average carbon number (i.e *"tra-molecular a^^^ 
cartoon number) has been determined for a particular hydrocarbon oil. the best low tempera ure Parto5n)^<=e 
is achieved by a single polymer which possesses this optimum average carbon number value rather than a 
blend of poljmers Wherein each polymer component In the blend P°«=«f f/. "^"SZSr ^a^^^ 
intra-molecular carbon average, but the blend collectively possesses an alkylate inter-molecular carbon 
average value equal to the value of the optimum intra-molecular carbon average. 

The polymer additives produced in accordance with the present invention have been found to be useful in 
fuel oils and lubricating oils. The nomially liquid fuel oils are generally derived 
normally liquid petroleum distillate fuels, though they may include those produced sy^tl^etically by l^e 
Fischer-Tropsch and related processes, the processing of organic waste matenal or the processing of coal, 
lignite or shale rock. Such fuel compositions have varying boiling ranges, viscosities, cloud and P°"; P°'nts. 
50 e?c according to their end use as is well known to those of skill in the art. Among such fuels are those 
commonly known as diesel fuels, distillate fuels, heating oils, residual fuels, bunker fuels etc.. which are 
co'ecS referred to herein as fuel oils. The properties of such fuels are well known to^ski led frt's^s as 
illustrated, for example, by ASTM Specification D *396-73. available from the Amencan Society for Testing 
Materials. 1916 Race Street. Philadlephia, Pennsylvania 19103. TOK°ir/o„ -?7«ito7WF» 

55 Particularly preferred fuel oils include middle distillates boiling from about 120 to 725 F (e.g to 725 

including kerosene, diesel fuels, home heating fuel oil, jet fuels, etc., and most preferably whose 20o/o and 900/o 
distillation points differ by less than 212°F. and/or whose 900/o to final boiling point range is between about 20 
and SO'F and/or whose final boiling point is in the range of 600 to 700°F. 

The additives of this invention find their primary utility, however, in lubricating oil compositions, which 
60 employ a base oil in which the additives are dissolved or dispersed. Such base oils may be natural or a mixture 

°^ tTus"^ base oi?s sliS^^^^^ In preparing the lubricating oil compositions of the present invention include 
those conventionally employed as crankcase lubricating oils for spark-ignited and compression-ignited 
internal combustion engines, such as automobile and truck engines, marine and railroad diesel engines, and 
65 the like Advantageous results are also achieved by employing the additives of the present invention in base 
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oils conventionally employed in and/or adapted for use as power transmitting fluids such as automatic 
transmission fluids, tractor fluids; universal tractor fluids. and hydraulic fluids, heavy duty hydraulic fluids, 
power steering fluids and the like. Gear lubricants, industrial oils, pump oils and other lubricating oil 
compositions can also benefit from the incorporation therein of the additives of the present invention. 

Thus, the additives of the present invention may be suitably incorporated into mixtures of natural and 5 
synthetic base oils provided these mixtures include at least about 80 wt. o/o of natural base oil. Suitable 
synthetic base oiis for use in these mixtures include alky! esters of dicarboxylic acids, polyglycols and 
alcohols; polyalpha-olefins, polybutenes, alky! benzenes, organic esters of phosphoric acids, polysilicone oils, 
etc. 

Natural base oils include mineral lubricating oils which may vary widely as to their crude source, e.g.. 10 
whether paraffinic, naphthenic, mixed, paraffinic-naphthenic, and the like; as well as to their formation, e.g.. 
distillation range, straight run or cracked, hydrofined, solvent extracted and the like. 

More specifically, the natural lubricating oil base stocks which can be used in the compositions of this 
invention may be straight mineral lubricating oil or distillates derived from paraffinic. naphthenic, asphaltic, or 
mixed base crudes, or, if desired, various blends of oils may be employed as well as residuals, particularly 15 
those from which asphaltic constituents have been removed. The oils may be refined by conventional methods 
using acid, alkali, and/or clay or other agents such as aluminum chloride, or they may be extracted oils 
produced/for example, by solvent extraction with solvents of the type of phenol, sulfur dioxide, furfural, 
dichlorodiethyl ether, nitrobenzene, crotonaldehyde. etc. 

The lubricating oil base stock conveniently has a viscosity of typically about 2.5 to about 12, and preferably 20 
about 2.5 to about 9 cSt. at 100'*C. 

Thus, the additives of the present invention can be employed in a hydrocarbon oil (i.e., fuel oil or lubricating 
oil) composition which comprises hydrocarbon oil, typically in a major amount, and the additive, typically in a 
minor amount, which is effective to impart or enhance one or more of the low temperature flow properties 
described herein. Additional conventional additives selected to meet the particular requirements of a selected 25 
type of hydrocarbon oil composition can be included as described. 

The additives of this invention are oil-soluble, dissolvable in oil with the aid of a suitable solvent, or are stably 
dispersible materials. Oil-soluble, dissolvable, or stably dispersible as that terminology is used herein does not 
necessarily Indicate that the materials are soluble, dissolvable, misclble, or capable of being suspended In oil 
In all proportions. It does mean, however, that the additives, for instance, are soluble or stably dispersible in oil 30 
to an extent sufficient to exert their intended effect in the environment in which the oil is employed. Moreover, 
the additional incorporation of other additives may also permit incorporation of higher levels of a particular 
polymer adduct hereof, if desired. 

Accordingly, while any effective amount of these additives can be incorporated into the fully formulated 
hydrocarbon oil composition, it is contemplated that such effective amount be sufficient to provide said 35 
hydrocarbon oil composition with an amount of the additive of typically from 0.005 to 10, e.g., 0.01 to 2, and 
preferably from 0.025 to 0.25 wt. o/o, based on the weight of said composition. 

The additives of the present invention can be incorporated into the hydrocarbon oil in any convenient way. 
Thus, they can be added directly to the oil by dispersing, or dissolving the same in the oil at the desired level of 
concentration, typically with the aid of a suitable solvent such as toluene, cyclohexane, or tetrahydrofuran. 40 
Such blending can occur at room temperature or elevated temperatures. In this form the additive per se is thus 
being utilized as a lOOO/o active ingredient form which can be added to the oil or fuel formulation by the 
purchaser. Alterntively. these additives may be blended with a suitable oil-soluble solvent and/or base oil to 
form a concentrate, which may then be blended with a hydrocarbon oil base stock to obtain the final 
formulation. Concentrates will typically contain from about 1 to 500/o. by weight of the additive, and preferably 45 
from about 10 to 300/o by weight of the additive. 

The hydrocarbon oil base stock for the additives of the present invention typically is adapted to perform a 
selected function by the incorporation of additives therein to form lubricating oil compositions (i.e., 
formulations). 

Representative additives typically present in such formulations include viscosity modifiers, corrosion 50 
inhibitors, oxidation inhibitors, friction modifiers, dispersants, anti-foaming agents, anti-wear agents, pour 
point depressants, detergents, rust inhibitors and the like. 

Viscosity modifiers, or viscosity index (V.I.) improvers impart high and low temperature operability to the 
lubricating oil and permit it to remain shear stable at elevated temperatures and also exhibit acceptable 
viscosity or fluidity at low temperatures. These viscosity index improvers are generally high molecular weight 55 
hydrocarbon polymers including polyesters. The V.I. improvers may also be derivatized to include other 
properties or functions, such as the addition of dispersancy properties. 

These oil soluble V.I. polymers will generally have number average molecular weights of from about 40.000 to 
1 ,000.000, preferably from about 40.000 to about 300.000, as determined by gel pemieation chromatography or 
membrane osmometry. 

Examples of suitable hydrocarbon polymers include homopolymers and interpolymers of two or more 
monomers of C2 to C30, e.g.. C2 to Ca olefins. Including both alpha-olefins and internal olefins, which may be 
straight or branched, aliphatic, aromatic, alkyi- aromatic, cycloaliphatlc. etc. Frequently they will be of ethylene 
with C3 to C30 olefins, particulariy preferred being the copolymers of ethylene and propylene. Other polymers 
can be used such as polyisobutylenes. homopolymers and interpolymers of Ce and higher alpha-olefins. 65 



13 



OCJD: <EP ._0311462A2_I„> 



EP 0 311 452 A2 



atactic polypropylene, hydrogenated polymers arw! copolymers and terpolymers ofityrene. e.g.. with isoprene 

^"More'^spSficJiy. other hydrocarbon polymers suitable as viscosity Index improvers i"<^'f « lln^.r' 
may be described as hydrogenated or partially hydrogenated homopolymers.. and random, ^ape^®^. ^tar or 
block interpolymers (including terpolymers. tetrapolymers. etc.) of °°"l"^g^I«'L^'^7=^^^SJ„'^"'°"°^^^ 
aromatic compounds with, optionally, alpha-olefins or lower alkenes, e g.. C3 to Cia ^'P'^^'^'f^'^f^ /^'^ 
alkenes. The conjugated dienes include isoprene. butadiene. 2,3-d.methylbutad.ene f^^^^'^f^^°' 
mixtures thereof, such as isoprene and butadiene. The monov.nyl aromatic compounds include any o^^^^^^ 
following, or mixtures thereof, vinyl di- or polyaromatic compounds, e g., vinyl 

monovin,^ monoaromatic compounds, such as styrene or alkylated styrenes substituted at the alpha-carbo^^ 
atoms of the styrene. such as alpha-methylstyrene. or at ring carbons, such as o- m-. p-methylstyrene. 
ethylstyrene. propylstyrene. isopropyl-styrene. butylstyrene. isobutylstyrene. tert-butylstyrene (e.g., P-tert-bu- 
tylstyrene). Also included are vlnylxylenes. methylethyl styrenes and ethylvinylstyrenes Alpha-oleftns and 
lower alkenes optionally included in these random, tapered and block copolymers preferably include ethylene 
propylene, butene. ethylene-propylene copolymers, isobutylene. and polymers and «:?P°'y'"«'"s ~ 
also known in the art. these random, tapered and block copolymers may include relatively small amounts that 
is less than about 5 moles, of other copolymerizable monomers such as vinyl pyridines, vinyl lactams, 
methacrylates, vinyl chloride, vinylidene chloride, vinyl acetate, vinyl stearate. and the like. 

Specific examples include random polymers of butadiene and/or isoprene and polymers of isoprene and/or 
butadiene and styrene. Typical block copolymers include polystyrene-polyisoprene. polystyrene-pplybuta- 
diene. polystyrene-polyethylene, polystyrene-ethylene propylene copolymer, polyvinyl <=y°'°'^^''^"t.Hl [h^fl 
nated pol^soprene: and polyvinyl cyclohexane-hydrogenated polybutadiene. Tapered polymers include those 
Cf he foregoing monomers prepared by methods known in the art. Star-shaped polymers ^yP-ca^ly compnse a 
nucleus and pdymeric arms linked to said nucleus, the arms being compnsed of homopolyrner °r mterpol^^^^^ 
of said conjugated diene and/or monovinyl aromatic monomers. Typically, at least about 8O0/0 of the aliphatic 
unsaturation and about 200/0 of the aromatic unsaturatlon of the star-shaped polymer is reduced by 

■''Rcpresemrtive examples of patents which disclose ^^^h hydrogenated polymers or Jt^'P^y"'^^!^^ 
US Patent Nos 3 312,621; 3,318.813; 3.630.905 ; 3,668,125 ; 3.763,044 ; 3.795.615; 3.835.053 . 3.838.049. 
3 '965 019- 4 358 565: and 4,557.849, the disclosures of which are herein incorporated by reference. 

"The poiymer may be degraded in molecular weight, for example by mastication, extrusion, oxidatior) or 
thermal degradation, and it may be oxidized and contain oxygen. Also included are ^er-vatized polymers such 
as post-grafted Interpolymers of ethylene-propylene with an active monomer such as male.c anhydride which 
may be nirther reacted with an alcohol, or amine, e.g.. an alkylene polyamine or hydroxy ^^"e e.g see 
Patent Nos. 4.089.794; 4.160.739 4.137.185; or copolymers of ethylene P^Py'^^V^^^i!! 
nitrogen compounds such as shown in U.S. Patent Nos. 4.068.056; 4.068.058; 4.146.489; and4.149^84^ 

Stable hydrocarbon polymers are ethylene interpolymers '^'''^^^J'°'^J^}°J°^^^^^ 
preferably 30 to 80 wt. 0/0 of ethylene and 10 to 85 wt. 0/0. preferably 20 to 70 wt. % of one °r rnc^re C3 to^^^^^ 
alpha-olefins. While not essential, such interpolymers preferably have a degree of ^^^V^ 
wt 0/0. as determined by X-ray and differential scanning calorimetry. Copolymers of ethylene and P"?Pylene a re 
most preferred. Other alpha-olefins suitable in place of propylene to form the copolymer, or to be used in 
combination with ethylene and propylene, to form a terpolymer. tetrapolymer. '"f 
l-oentene 1-hexene 1-heptene. 1-octene, etc.; also branched chain alpha-olefins. such as 4-methyl-1-pen- 
tenrrr^athylThexene. 5-methyl-1-pentene. 4.4-dimethyM-pentene. and 6-methyl-1 -heptene. etc.. and 

'"?eTpo1ymrrr'etrapolymers, etc. of ethylene, said C3-8 alpha-olefin. and a non-conjugated diolefin or 
mixtuTes of such diolefins may also be used. The amount of the non-conjugated dioleftn generally ranges from 
about 0.5 to 20 mole 0/0, preferably from about 1 to about 7 mole 0/0. based on the total amount of ethylene and 

'■'SSn iSors. also known as anti-corrosive agents, reduce the deg^atlon °^^^|;« -^^J^P^^ 
contacted by the lubricating oil composition. Illustrative of corrosion inhibitors ^« P^^°f,F*°!"'7"^.^J 
hydrocarbons and the products obtained by reaction of a Phosphosulfunzed hydrocarbon wrt^^^^^ 
earth metal oxide or hydroxide, preferably in the presence of an alkylated phenol or of an alkylphenol thioester. 

aSo prSat^y in the pr^fence of carbon dioxide. P'^-phosulfurized hydrocarbons are prepa^^^^^^ 
reacting a suitable hydrocarbon such as a terpene. a heavy petroleum fraction of a to Ce olefin polymer 
such as polyisobutylene. with from 5 to 30 wt.o/D of a sulfide of phosphorus for 1/2 to 15 ^ou^^jit a 
temperature in the range of about 66 to about 316''C. Neutralization of the phosphosulfunzed hydrocarbon 
may be effected in the manner taught in U.S. Patent No. 1.969.324. ., ^ , . » . „ ,.,w,^^, 

Oxidation inhibitors, or antioxidants, reduce the tendency of mineral oils to deteriorate in service wh ch 
60 deterioration can be evidenced by the products of oxidation such as kludge and vamish-like deposits on^^^^^ 
metal surfaces, and by viscosity growth. Such oxidation inhibitors include alkaline earth metal s^ts of 
alkylphenolthioesters having preferably Cs to C12 alkyi side chains, e.g.. calcium "onylPl^s^o' ''^f 
t-octylphenyl sulfide, dioctylphenylamine. phenylalphanaphthylamine. phospho- sulfurized or sulfurized 

65 *^^OtSToxidltion inhibitors or antioxidants useful in this invention comprise oil-soluble copper compounds. 
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The copper may be blended into the oil as any suitable oil-soluble copper compound. By oil soluble it is meant 
that the compound is oil soluble under normal blending conditions in the oil or additive package. The copper 
compound may be in the cuprous or cupric form. The copper may be in the form of the copper dihydrocarbyl 
thio- or dithio-phosphates. Alternatively, the copper may be added as the copper salt of a synthetic or natural 
carboxylic acid. Examples of same thus include Cio to Ci8 fatty acids, such as stearic or palmitic acid, but 5 
unsaturated acids such as oleic or branched carboxylic acids such as napthenic acids of molecular weights of 
from about 200 to 600, or synthetic carboxylic acids, are preferred, because of the Improved handling and 
solubility properties of the resulting copper carboxylates. Also useful are oil-soluble copper dithiocarbamates 
of the general formula (RR'NCSS)nCu (where n is 1 or 2 and R and R' are the same or different hydrocarbyl 
radicals containing from 1 to 18. and preferably 2 to 12, carbon atoms, and including radicals such as alkyl. 10 
alkenyl. aryl. arylalkyl. alkaryl and cycloaliphatic radicals. Particularly preferred as R and R' groups are alkyl 
groups of from 2 to 8 carbon atoms. Thus, the radicals may, for example, be ethyl, n-propyl, i-propyl, n-butyl. 
i-hutyl. sec-butyl, amyl, n-hexyl. i-hexyl. n-heptyl, n-octyl. decyl, dodecyl. octadecyl, 2-ethylhexyl, phenyl, 
butylphenyl, cyclohexyl, methylcyclopentyl, propenyl. butenyl, etc. In order to obtain oil solubility, the total 
number of carbon atoms (I.e., R and R') will generally be about 5 or greater. Copper sulphonates. phenates. 75 
and acetylacetonates may also be used. 

Exemplary of useful copper compounds are copper Cu' and/or Cu" salts of alkenyl succinic acids or 
anhydrides. The salts themselves may be basic, neutral or acidic. They may be formed by reacting (a) 
polyalkylene succinimides (having polymers groups of Mn of 700 to 5,000) derived from polyalkylene-poly- 
amines. which have at least one free carboxylic acid group, with (b) a reactive metal compound. Suitable 20 
reactive metal compounds include those such as cupric or cuprous hydroxides, oxides, acetates, borates, and 
carbonates or basic copper carbonate. 

Examples of these metal salts are Cu salts of polyisobutenyl succinic anhydride, and Cu salts of 
polyisobutenyl succinic acid. Preferably, the selected metal employed is its divalent form, e.g., Cu+2. The 
preferred substrates are polyalkenyl succinic acids in which the alkenyl group has a molecular weight greater 25 
than about 700. The alkenyl group desirably has a Mn from about 900 to 1 .400, and up to 2,500, with a Mn of 
about 950 being most preferred. Especially preferred is polylsobutylene succinic anhydride or acid. These 
materials may desirably be dissolved in a solvent, such as a mineral oil, and heated in the presence of a water 
solution (or slurry) of the metal bearing material. Heating may take place between 70° and about 200° C. 
Temperatures of IICC to 140°C are entirely adequate. It may be necessary, depending upon the salt 30 
produced, not to allow the reaction to remain at a temperature above about 140° c for an extended period of 
time, e.g., longer than 5 hours, or decomposition of the salt may occur. 

The copper antioxidants (e.g., Cu-polyisobutenyl succinic anhydride, Cu-oleate, or mixtures thereof) will be 
generally employed in an amount of from about 50 to 500 ppm by weight of the metal, in the final lubricating or 
fuel composition. 55 

Friction modifiers serve to impart the proper friction characteristics to lubricating oil compositions such as 
automatic transmission fluids. 

Representative examples of suitable friction modifiers are found in U.S. Patent No. 3,933,659 which 
discloses fatty acid esters, amides, and tertiary amines, e.g., hydroxy amines; U.S. Patent No, 4,176,074 which 
describes molybdenum complexes of polyisobutyenyl succinic anhydride-amino alkanols; U.S. Patent 40 
No. 4,105.571 which discloses glycerol esters of dimerized fatty acids; U.S. Patent No. 3,779,928 which 
discloses alkane phosphonic acid salts; U.S. Patent No. 3.778,375 which discloses reaction products of a 
phosphonate with an oleamide; U.S. Patent No. 3.852,205 which discloses S-carboxyalkylene hydrocarbyl 
succinimide. S-carboxyalkylene hydrocarbyl succinamic acid and mixtures thereof; U.S. Patent No. 3,879,306 
which discloses N-(hydroxyalkyl)alkenyl-succinamic acids or succinimides; U.S. Patent No. 3,932,290 which 46 
discloses reaction products of di- (lower alkyl) phosphites and epoxides; and U.S. Patent No. 4,028.258 which 
discloses the alkylene oxide adduct of phosphosulfurized N-(hydroxyalkyl) alkenyl succinimides; and 
succinate esters, or metal salts thereof, of hydrocarbyl substituted succinic acids or anhydrides and 
thiobisalkanols such as described in U.S. Patent No. 4.344,853. The disclosures of the above references are 
herein incorporated by reference. 50 

Dispersants maintain oil insolubles. resulting from oxidation during use. in suspension in the fluid thus 
preventing sludge flocculation and precipitation or deposition on metal parts. Suitable dispersants include 
high molecular weight alkyl succinimides. the reaction product of oil-soluble polyisobutylene succinic 
anhydride with ethylene amines such as tetraethylene pentamine and borated salts thereof. 

Pour point depressants, otherwise known as lube oil flow improvers, lower the temperature at which the 55 
fluid will flow or can be poured. Such additives are well known. Typical of those additives which usefully 
optimize the low temperature fluidity of the fluid are Ce-Cis dialkylfumarate-vinyl acetate copolymers, 
polymethacrylates, and wax naphthalene. 

Foam control can be provided by an antifoamant of the polystloxane type, e.g.. silicone oil and polydimethyl 
siloxane. 60 

Anti-wear agents, as their nanrje implies, reduce wear of metal parts. Representatives of conventional 
anti-wear agents are zinc dialkyldithiophosphate and zinc diaryldithiosphate. 

Detergents and metal rust inhibitors include the metal salts of sulphonic acids, alkyl phenols, sulfurized alkyl 
phenols, alkyl salicylates, naphthenates and other oil-soluble mono- and di-carboxylic acids. Highly basic (viz, 
overbased) metal salts, such as highly basic alkaline earth metal sulfonates (especially Ca and Mg salts) are 65 
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frequently used as detergents. Representative examples of such materials. «"«J»heir methods of p^^^ 
are found In co-pending Serial No. 754,001. filed July 11. 1985. the disclosure of which is hereby incorporated 

''VomeTfThese numerous additives can provide a multiplicity of effects, e.g.. a dispersant-oxidatlon inhibitor. 
This approach is well known and need not be further elaborated herein. ,, , 

Comoositions when containing these conventional additives are typically blended into the base oil m 
JZi SSJe!SJZe lo p?ovide their normal attendant function. Representative effective amounts of 
such additives are Illustrated as follows: 
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Wt. 0/0 a.i. 
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(Preferred) 


Viscosity 


.01-12 
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Corrosion 


0,01-5 


.Ul 1 .o 


Inhibitor 






Oxidation 


0.01-5 


.01-1.5 


Inhibitor 






Dispersant 


0.1-20 


0.1-8 


Pour Point 


0.005-10 


.01-2 


Depressant 




.001-0.15 


Anti-Foaming 


0.001-3 


Agents 




.001-1.5 


Anti-Wear 


0.001-5 


Agents 




.01-1.5 


Friction 


0.01-5 


Modifiers 




.01-3 


Detergents/ 


.01-10 


Rust Inhibitors 






Mineral Oil 


Balance 


Balance 


Base 







When other additives are employed, it may be desirable, although not necessary, to ^'^^^^^^^^^^ 
corentr^tes comprising concentrated solutions or dispersions of the flow Improver (in c°"°«"t;«te amourt^ 
Sereinabove described) together wit one or more of said other additives (said <'°"°«"t?^?rhen ^°"^trtutm^ 
2 aStlrr,Sxt!rr; being referred to herein as an additive-package) ^h-f V se^^^^^^ 
simultaneously to the base oil to form the hydrocarbon oil composition. Dissolution °* ^'^.ff 3® 
fnto the hvdrocarbon oil may be facilitated by solvents and by mixing accompanied with mild heating, but this is 
not ?sseSrThToono^^^^^^ or additive-package will typically be fomnulated to contain f e flow .mprove 
aSiirvrand optional additional additives in proper amounts to provide the desired 

rs"rp£^r^tS2^^^^^^ 
HsdrunToft^^^^^^^^^ 

biM h^^^^^^^^l^^^^^^ 

ratherthan a fuel oil. The final formulations may employ typically about 10 wt. Vo of the additive package v«tn 

*'%;TJ?d weiJhT^^^^^ herein are based on active ingredient (a.i.) content of the additive 

anSo? upo2 the ?otarweight of any additive-package, or fomiulation which will be the sum of the a.i. weight of 

^'^stvlmio^ wiJK ule^slo^cid bifSnce to the following examples, wherein all parts are parts 

by wSgran J^^ll mol^^ weights are either number average molecular weight ^«Jf ^-'"f^^^Sfor^ noteS 
osmometry or weight average Molecular weights determined by gel permeation chromatography as noted 
unless otherwise specified, and which include preferred embodiments of the invention. . ^ ^ 

?he f SSnxamSerare given as specific illustrations of the claimed invention. It should be understood 
however 3 thervention is not limited to the specific details set forth in the 

percentages in the examples, as well as in the remainder of the specification, are by weight unless otherwise 
specified. 

an ex ample of the preparation of a typical alkylated phenol component used to P'-^f"^;^;;^ P^'^^l^ 
condensates of the present invention, octadecylphenol was prepared by ^^^l^^^'^'l^l^'^-^^^^ 
round bottom flask equipped with a mechanical stirrer. 933 grams of phenol (9.93 moles) and 286 grams of 
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Amberlyst-15 catalyst. The flask was also equipped with a reflux condenser, a thermometer, an addition funnel, 
and a nitrogen inlet. This mixture was then heated to 70**C under a blanket of nitrogen, and, with stirring, 834 
grams (3.31 moles) of 1-octadecene were added dropwise over a period of about one hour. The reaction 
mixture was then heated to 90**C, and this temperature was rnaintained for a period of four hours, yielding 
greater than 980/o conversion of olefin as measured by gas chromatography. The reaction mixture was then 5 
cooled to 50" C and filtered to remove the catalyst. The excess phenol was removed by vacuum distillation, and 
the yield was 1 ,008 grams (or BSO/o). The product had a refractive index of 1 .4859 at 25" C, a viscosity of 38.0 cP 
at 40°C, and a hydroxy! number of 144 mg KOH/gm. The infrared spectrum of the product showed absorption 
bands at 830 and 750 cm-\ which are characteristic of alkyi phenols. The aromatic substitution pattern was 
determined by ^^C-NMR and showed that the ortho to para ratio was 2:1. The alkyI substitution pattern was 10 
determined by iH-NMR, and showed that the product consisted of 50 mole o/o 2-substituted alkylate and 50 
mole o/o ^ 3-substituted alkylate. The melting point and heat of fusion of the product was determined by 
differential scanning calorimetry (DSC) to be 8.7° C and 85 J/g, respectively. 

Comparative Example 1 1^ 

In order to demonstrate the criticallty of the linearity of the alkyI group used in the alkyI phenol-aldehyde 
condensates of the present Invention, Example 1 was repeated, except that in this case the mixture was 
heated to 115" C instead of 90" C. The yield of octadecylphenol was 893 grams (or 7B0/o). The product had a 
hydroxyl number of 138 mg KOH/g, and Its infrared spectrum showed absorption bands at 830 and 750 cm-\ 
which are characteristic of alkyI phenols. The aromatic substitution pattern was determined by ^^c-NMR. and 
showed that the ortho to para ratio was 2:1. The alkyI substitution pattern was determined by ""H-NMR, and 
showed that the product consisted of 35 mole o/o 2-substituted alkylate and 65 mole o/o ^ 3-substituted 
alkylate. The product's greater isomerization of the alkyI group was due to the higher reaction temperature, 
and is reflected in its thermal properties. The melting point and heat of fusion were determined by DSC to be 
-2.0** C and 20 J/g. respectively. 25 

Example 2 

As another examie of the preparation of the alkylated phenols used in accordance with the present 
invention. Example 1 was repeated, except that a molar equivalent of 1-tetradecene (Cu) was substituted for 
the 1-octadecene (Ci8) used in that example. The yield of tetradecylphenol was 749 grams (or 78o^). The 30 
product had a refractive index of 1 .4895 at 25" C. a viscosity of 31 .8 cP at 40" C. and a hydroxyl number of 164 
mg KOH/g, The infrared spectrum of the product showed absorption bands at 830 and 750 cnrr'' . The aromatic 
substitution pattern, determined by ^^C-NMR, showed an ortho to para ratio of 2:1 . The melting point and heat 
of fusion were determined by DSC to be -34.9° C and 24 J/g, respectively. 

35 

Example 3 

As another example of the preparation of the alkylated phenols used in accordance with the present 
invention, Example 1 was again repeated, except that in this case a molar equivalent of 1-pentadecene was 
substituted for the 1-octadecene. The yield of pentadecylphenol was 664 grams (or 660/0). The infrared 
spectrum of the product showed absorption bands at 830 and 750 cm"^. The melting point and heat fusion 40 
were determined by DSC to be -18.1 "C and 60 J/g, respectively. 

Example 4 

As another example of the preparation of the alkylated phenol used in accordance with the present 
invention. Example 1 was again repeated, except that In this case a molar equivalent of 1-hexadecene was 45 
substituted for the 1-octadecene. The yield of hexadecylphenol was 958 grams (or 91o/o). The product had a 
refractive index of 1 .4881 at 25°C, a viscosity of 34.6 cP at 40° c, and a hydroxyl number of 1 59 mg KOH/g. The 
'infrared spectrum showed absorption bands at 830 and 750 cwr^. The ortho to para ratio determined by 
^3C-NMR was 2:1. The alkyI substitution pattern determined by ^H-NMR showed that the product consisted of 
50 mole 0/0 2-substituted alkylate and 50 mole 0/0 ^ 3-substituted alkylate. The melting point and heat of fusion 50 
were determined by DSC to be -9.9" C and 56 J/g, respectively. 

Example 5 

As another example of the preparation of the alkylated phenols used in accordance with the present 
invention, Example 1 was again repeated, except that in this case a molar equivalent of 1-heptadecene was 55 
substituted for the 1-octadecene. The yield of heptadecylphenol was 692 grams (or 63o/o), The product had a 
hydroxyl number of 162 mg KOH/g. The infrared spectrum showed absorption bands at 830 and 750 cm"**, and 
the melting point and heat of fusion were determined by DSC to be 1.9°C and 83 J/g, respectively, 

Exmple 6 

As another example of the preparation of the alkylated phenols used in accordance with the present 
invention. Example 1 was again repeated, except that in this case a molar equivalent of 1-nonadecene was 
substituted for the 1-octadecene. The yield of nonodecylphenol was 989 grams (or 930/o). The infrared 
spectrum of the product showed absorption bands at 830 and 750 cm~i, and the melting point and heat of 
fusion were determined by DSC to be 17.5°C and 92 J/g. respectively. 65 



17 



>OCID: <EP 0311452A2_I_> 



EP 0 311 452 A2 



10 



15 



20 



25 



^^^her example ot the preparation of the aJMated phenols used in — ^^^^^^^^ 
invention. Example 1 was again repeated, except ^h^V nl?l?fi26 orams (or 9^^^^^^^ The p oduct had a 
substituted for the 1-ootadeoene. The yield 0*^^'^°=^^;.^"^^^ nfg KOH/g.The 

ii^re^rSsSsSeT^^^^^^^^^^ p--- - 

heat of fusion were determined by DSC to be iHA'C and 101 J/g. 

^^fSgflxample. a preferred alkylated phenol in accordance with the P--:.^;-",SrmT^^^^^^ 
mixture of alpha-olefins. Thus, in this case, into a ^^^f-^f ^.^ ' Tnne^ I^^^^^^ inlet, were 

and 110 J/g, respectively- 
^^HerexampleofthepreparationofanalMate^^^^^^^^^^ 

with the present Invention, Example 8 was repeated, except tha^ '",*^20 mote ori^Scos (Cza). and 10 
30 mole 0/0 1-tetracosene (Ca*), 40 moleO/o l-^exacosene (Cze). ^^^^ 
mole 0/0 Ltriacontene (C30) (molar average be.ng J was sutet.^^ 

ISrmTgait^o^^^^^^^^^^^ 

were determined by DSC to be 48.7" C and 64 J/g. respectively. 

^^liSer example of the preparation of an a-Mated pjeno^^^^^^^ of f mrre?f 

with the present invention, Example 8 was ~P«^^f ^=^^Pl*^f '"J^f^S'JiJ^^^^^^^^^ the olefins used in 

KraVrSon^^^^ 

^^SfTiTample of the preparation of an alkylated P^^enol^ormaldel^de c^^^^^^^^^ 

invention, into a four-necked. 1 liter round bottom flask, ^^^^ed wrth a m^^^^^^^^ ^ 
addition funnel, nitrogen inlet tube, and a Dean-Stark Trap with Ig^^J^^I^^^'^X^^^ 0.5 grams of 

octadecyl phenol produced in accordance with Example 1 and 38 Qf^ms of toluene togeine^^^ a 
p-toluenesuifonic acid monohydrate. The mixture was then ,^^'rred mjr a nrtrogjn bla^^^^^ 
reflux conditions. During refluxing. 32 grams of tnoxane '"J^ 9^;^^ was cooled 

manner over a period of about one hour. When ^-f^,"^^^^^^^^^^^^^^ was 420 

and the toluene was removed m vacuo. The V'^'^, °*^2f-^,^ P, ^ measured at 

grams, or about 99o/o. The number ^^,«^9e moleculj^ we.ght (W^^ ^^^^ ^^^.^^ 

4.110. and its weight average molecular weight {(3PC) was i^.uuu. 1 ne meiiiiiy v 
polymer were -4.0° C and 4 J/g. respectively. 

polymer was 8.300. and its number average molecular weight was 4,500 by GPC. 
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Exa mple 13 ♦i. 

As another example of the preparation of an alkylated phenol-formaldehyde condensate polymer of the 
present invention. Example 11 was repeated, except that a molar equivalent of pentadecylphenol produced in 
accordance with Example 3 was substituted for the octadecylphenol thereof. The yield of pentadecyl 5 
phenol-formaldehyde condensate was 840/o. and the weight-average molecular weight (GPC) of the dialyzed 
polymer was 7.200. and its number average molecular weight was 3,900 by GPC. 

Example 14 , ^ 

As another example of the preparation of an alkylated phenol-formaldehyde condensate polymer of the 10 
present invention. Example 1 1 was repeated, except that a molar equivalent of hexadecylphenol produced in 
accordance with Example 4 was substituted . for the octadecylphenol thereof. The yield of hexadecyl 
phenol-formaldehyde condensate was 99o/o, and the weight average molecular weight (GPC) of the dialyzed 
polymer was 8,100, and its number average molecular weight was 3,230 by VPO. 

Example 15 

As another example of the preparation of an alkylated phenol-formaldehyde condensate polymer of the 
present invention, Example 1 1 was repeated, except that a molar equivalent of heptadecylphenol produced in 
accordance with Example 5 was substituted for the octadecylphenol thereof. The yield of heptadecyl 
phenol-formaldehyde condensate was 940/o. and the weight average molecular weight (GPC) of the dialyzed 20 
polymer was 8.400. and its number average molecular weight was 3,700 by VPO. The melting point and heat of 
fusion of the polymer were -9.7° C and 1 J/g. respectively. 

Example 16 ^ " ^ 

As another example of the preparation of an alkylated phenol-formaldehyde condensate polymer of the 25 
present invention, Example 11 was repeated, except that a molar equivalent of nonadecylphenol produced in 
accordance with Example 6 was substituted for the octadecylphenol thereof. The yield of nonadecyl 
phenol-formaldehyde condensate was 990/o, and the weight average molecular weight (GPC) of the dialyzed 
polymer was 8.800. and its number average molecular weight was 3.970 by VPO. The melting point and heat of 
fusion of the polymer were 22.2° C and 34 J/g. respectively. 
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E xample 17 x • * xu 

As another example of the preparation of an alkylated phenol-formaldehyde condensate polymer of the 
present invention. Example 11 was repeated, except that a molar equivalent of eicosylpheno! produced in 
accordance with Example 7 was substituted for the octadecylphenol thereof. The yield of eicosyl 35 
phenol-formaldehyde condensate was 970/o. and the weight average molecular weight (GPC) of the dialyzed 
polymer was 12,000. and the number average molecular weight was 5,250 by VPO. The melting point and heat 
of fusion of the polymer were 22.6** C and 22 J/g, respectively. 
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Example 18 . _. . , * *w 

As another example of the preparation of an alkylated phenol-fonnaldehyde condensate polymer of the 
present invention. Example 11 was repeated, except that a molar equivalent of the mixture of alkylphenols 
produced in accordance with Example 8 was substituted for the octadecylphenol thereof. The yield of this alkyi 
phenol-formaldehyde condensate was 990/o, and the number average molecular weight (VPO) of the dialyzed 
polymer was 3.050. and its weight average molecular weight (GPC) was 8,000. The melting point and heat of 45 
fusion of the polymer were 40.1 **C and 19 J/g. respectively. 

Ex ample 19 _i ^ , * 

As another example of the preparation of an alkylated phenol-formaldehyde condensate polymer ot the 
present invention, Example 11 was repeated, except that a molar equivalent of the mixture of alkylphenols 50 
produced in accordance with Example 9 was substituted for the octadecylphenol thereof. The yield of this alkyI 
phenol-formaldehyde condensate was 870/o. and the weight average molecular weight (GPC) of the dialyzed 
polymer was 8,100. and its number average molecular weight was 5,700 by GPC. The melting point and heat of 
fusion of the polymer were 51.8°C and 62 J/g. respectively. 

55 

Example 20 , # xu 

As another example of the preparation of an alkylated phenol-formaldehyde condensate polymer of the 
present invention. Example 11 was repeated, except that a molar equivalent of the mixture of alkylphenols 
produced in accordance with Example 10 was substituted for the octadecylphenol thereof. The yield of this 
alkyI phenol-formaldehyde condensate was 990/o. the number average molecular weight (VPO) of the dialyzed 60 
polymer was 3.830, and its weight average molecular weight (GPC) was 10.200. The melting point and heat of 
fusion of the polymer were 67.7*0 and 90 J/g. respectively. 
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Example 21 nikviated nhenol-formaldehyde condensate polymer of the 

As another example of the preparation f ^^^^^^V'^^^^^ in accordance with 

present invention. Example 11 ^^^^[^^^^^^^ 

Comparative Example 1 was ^^ed. The yield of oc a^^^^^^ 900 and its number average molecular 

^^?Ser example ot the preparation of an ^^^^^.^pSI^u^^^^^^^^^ 

present invention. Example 11 was repeated, except J-^-^^^^^^^^ ™ produced in accordance 

Lcordance with Example 4, and 0.4 molar eqt^^^^^ y,3,d of this alkyi 

with Example 8 (C20 to C24) was ^"bstltujed for the 

^°.rri;%f Zons trate the critic.ity f linean^ ^^^^ 
phenol-aldehyde condensates of the 

produced in accordance with Example 1 ^^^nd Example 21 wereje^^^^ 9 50 ^ole o^ 

S«s prepared from octadecylphenol produced .na^^^^^^^ p^^p,,,, 
2-substituted alkylate and 50 mo^eO/D ^ ^-s^bstr^ed ai^^^ which consisted of 35 mole 0/0 2- 
octadecylphenol produced in accordance w'«^^Comparatwe ^xampj • oetadecylphenol-formaldehyde 
substituted alkylate and 65 mole 0/0 S ^^"^f '^"^f^.f^f^o^^^ the octadecyl phenol-fom^al- 

condensate produced in accordance ^'ti^ ^^rnple 21 w^^^ 1^1 (i e tt"ncluded less than 400/o of the linear alkyI 
dehyde condensate produced in f ^o'^'^^'l^;!'}^,^^^'!?^^^^^ measured according to ASTM D 97 

groips attached at the 2-position) P°"''P°";,V°'h^o^^ that a mere 15 mole% 

method, and the results are set ^^""^ '"Jf^".'^,^f '°„^,p^ and a corresponding increase In 

reduction In alkylate containing f P^^^^^/.^^^^'^f ^r^^^^^ decreases pour point depressancy 

alkylate having substitution on th%3- or h.gher ^^^J^g^' ^ observed that while increasing the 

significantly (compare runs 1. 2 and 5). f °"^P5'"9J^"^l;^^^"^r Heoe^^ relative to the base oil. It is not 
concentration of the additive of Exmnpie 21 '""P^rts s^P^^^ sSIScant increase in poor depressancy in 
nearly as much as the additive in Example l^-^^l^^^^^ Tat a oSo concentration. 

^Mor^er'na^^^^^^^^^^^ 
35 prepared in accordance with Example 11. 
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Run No. 



Additive 



Table 1 

Additive 
Concentration 
(Wt. 0/0) 



(ASTM D 97) Pour Point TF) 
Lube Basestock A * Lube Basestock B* 



1 Base Oil 0 +10. + 15, + 15 

2 Example 11 0.05 -10.-10,-10 

3 Example 11 0.10 -20.-25,-25 

4 Example 11 0.20 -35,-35,-35 

5 Example 21 0.05 10.15,15 

6 Example 21 0.10 -10,-10.-10 

7 Example 21 0.20 -25.-25,-30 

N/P = not performed 
'Throughout tliese examples. Lube Basestocks A and B were as follows: 
Lube Basestock A 



+ 15.+ 15.-1-20 



N/P 
N/P 

N/P 
N/P 



-5.-10,-10 



10.10.20 



10 



15 



2D 



Basestock Carbon No. of (Wt. o/o) Pour PL (°F) 

Additive 

8 A Example 22 18 0.2 -25.-30,-30 

9 A Ex. 14/Ex. 18 16/21 0,12/0.08 +5.0.0 

10 A Example 14 16 0.2 +15, + 10. + 10 

11 A Example 18 21 0.2 0.-5,-5 
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25 

A Solvent 150 Neutral oil which is a solvent-refined hydrocarbon lube basestock characterized by a 
viscosity of 150-180 SUS at 100° F, a viscosity index of 95. and a pour point of about +15**F. 

Lube Basestock B 

A Solvent 600 Neutral oil which is a solvent-refined hydrocarbon lube basestock characterized by a 
viscosity of about 600 SUS at 1 00* F, a viscosity index of about 95. and a pour point of about + 1 5° F. 

Comparative Example 3 35 

In order to demonstrate the significance of the intra-molecular carbon average of alkylate side chain in a 
polymer relative to the corresponding inter-molecular carbon average of a blend of polymer, the alkyi 
phenol-formaldehyde condensate produced in accordance with Exmple 22 was tested for its pour 
depressancy in Lube Basestock A. The product of Example 22 was an alkyI phenol-formaldehyde condensate 
polymer produced from a mixture of hexadecylphenol (i.e.. Example 4) and heneicosyl phenol (i.e.. Example 8) 40 
such that the molar average of carbon atoms in the alkyI groups was 18. In addition, several other blends of 
lube oil and additives were tested as shown in Table 2, and the results reported therein. For run 9 the average 
inter-molecular carbon number average is 18 based on a blend of Cie alkylate (intra-molecular carbon 
average) derived polymer and C21 alkylate (intra-molecular average) derived polymer. The results of pour point 
depressancy tests thereof are set forth in Table 2 below, and demonstrate that the intra-molecular average of 45 
carbon atoms in the side chain of the alkylate portion within a given polymer molecule influences pour 
depressancy to a greater extent than that achieved by a blend of polymers (i.e., run 9) wherein the 
inter-molecular carbon average of the polymer blend is the same as said intra-molecular carbon average of the 
reference polymer (I.e.. run 8). but the individual intra-molecular carbon average of each component polymer in 
the blend differs from the intra-molecular carbon average of the reference polymer (i.e., run 8). 50 

Table 2 

Run No. Lube Additive Average - Additive Cone. ASTM D 97 



55 



60 



Comparative Example 4 

In order to demonstrate the criticality of the length of the alkyI group used in the alkylated phenol-aldehyde 65 
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35 



40 



45 



50 



55 



Basestock A with an amount of each such additive of 0.2 wt o/o of the blend, ^he respective pour poi^^^ 

'"ThrJexTerSients were then repeated, with the exception that a different oil composition namely lube 
BaLSck B^^ employed, and the results are listed in Table 3 and are graphically shown .n Figure 2. 



Run. No. 



Additive 



Table 3 

Average Carbon 
No. of Additive 



Pour Point (°F) (ASTM D 97) 
Lube Basestock A Lube Basestock B 



12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



Example 12 
Example 13 
Example 14 
Example 15 
Example 11 
Example 16 
Example 17 
Example 18 
Example 19 
Example 20 



14 
15 
16 
17 
18 
19 
20 
21 
26 
30 



+ 15,+ 15. + 10 
+ 15. + 15, + 10 
+ 15. + 15. + 15 
-25,-25,-30 
-35,-35,-35 
-20.-20.-20 
-5.-5,-5 
0.-5.-5 
+ 15.-H5. + 10 
+ 15.H-15. + 10 



N/P 
N/P 



N/P 



+ 20. + 15. -1-15 
+20, + 15. + 15 
-5.-10,-10 
-10,-10.-15 
-15.-15,-15 
-5..5.-5 

+ 15.+ 10. + 10 



phenol-formaldehyde condensates was measured with a ^'ni-Rotary Viscometer m acow 

blended Into this formulation at 0.2 wt. o/o, and the apparent viscosity (mPa^s) and yield stress (i-a, were 
measured. The results obtained are set forth in Table 4 below. 
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Table 4 

Run No. Additive Average Carbon MRV Results @ >25°C (ASTM D 3829) 

Number of Additive 

Viscosity (mPa-^s) Yield Stress (Pa) 



22 


Example 12 


14 




>106 


>175 


23 


Example 13. 


15 


N/P 


N/P 




24 


Example 14 


16 




>106 


>175 


25 


Example 15 


17 


N/P 


N/P 




26 


Example 11 


18 




28,000 


35 


27 


Exarriple 16 


19* 




23.000 


<35 


28 


Example 17 


20 




34,300 


105 


29 


Example 18 


21 




>106 


>175 


30 


Example 19 


26 




>106 


>175 


31 


Example 20 


30 




>106 


>175 



10 



Referring to Table 4, it will be understood that MRV test results indicate the propensity of oil to flow at low 
temperatures when subjected to a shear stress. This property is important to avoid plugging of oil screens in 20 
the pump well of the engine. Accordingly, the lower the apparent viscosity and yield stress, the better and the 
easier It Is to get the oil to flow through the oil pump at low operating temperatures. Moreover, MRV test 
results correlate well with pour point depressancy. For example, it can be seen that the optimum alkylate 
carbon number average from Table 4 is 19 (I.e.. run 27), which corresponds well with the results in Table 3 
where the optimum alkylate carbon average was 18 for Oil A. It should also be noted that there was a drop in 25 
performance at alkylate average carbon number of 16 or lower and 21 or higher. For run 27, however, (C19) a 
43-fold improvement in apparent viscosity performance, and at least a five-foJd increase in yield stress 
performance, is achieved relative to runs 22 and 31. 
Example 23 

A sulfurized alkylated phenol-formaldehyde condensate polymer In accordance with the present invention 30 
was prepared by charging into a four-necked, 1 liter, round bottom flask, equipped with a mechanical stirrer, a 
thermometer, an addition funnel, and a nitrogen inlet, 250 grams of a low molecular weight octadecyl 
phenol-formaldehyde condensate produced in accordance with Example 26 below (i.e.. Mn ^ 2,200 and 
ivi; = 3.000 by GPC). This mixture was then heated to 70°C under a blanket of nitrogen, and with stirring 52 
grams of commercial sulfur dlchloride were added dropwise over a period of 45 minutes, with the temperature 35 
being maintained below 82'' C. After completion of this addition, the reaction mixture was soaked at 82° C for 
10 minutes, and then heated to 100°C and sparged with nitrogen for two hours. The yield of the sulfurized 
octadecyl phenol-formaldehyde condensate was 177 grams or about 660/0. The product had an weight average 
molecular weight of 35,000 by GPC, and a number average molecular weight of 8.300 by GPC. 

40 

Example 24 

A branched backbone, alkylated phenol-formaldehyde condensate polymer within the scope of the present 
invention was then prepared by charging into a four-necked, 1 liter, round bottom flask, equipped with a 
mechanical stirrer, a thermometer, an addition funnel, a nitrogen inlet tube, and a Dean-Stark Trap with reflux 
condenser, 459 grams of the alkylated phenol produced in accordance with Example 8, 42 grams of toluene, 45 
and 0.5 grams of p-toluenesulfonic acid monohydrate. Furthermore, 34.8 grams of phenol were added to the 
alkylated phenol at this point, and the mixture was then stirred under a nitrogen blanket and heated to reflux 
conditions, during such refluxing 32 grams of trioxane in 70 grams of toluene were then added dropwise over a 
period of one hour, and when the evolution of water stopped, the reaction mixture was cooled and the toluene 
was removed in vacuo. The yield of the condensate was 456 grams, or 900/o. having a number average 50 
molecular weight (VPO) of 2950 and weight average molecular weight of 8,400 by GPC. 

Comparative Example 6 

The pour point depressancies of a low molecular weight (i.e., Mn = 2,200 by GPC; Mw = 3.000 by GPC) 
octadecyl phenol-formaldehyde condensate produced in accordance with Example 26 below and the 55 
sulfurized octadecyl phenol-formaldehyde condensate produced in accordance with Example 23, which 
employed the same low molecular weight C18 aikyi phenol-formaldehyde condensate of Example 26 for 
sulfurization. were tested in both a light (Lube Basestock A) and a heavy (Lube Basestock B) oil. Pour points 
for the oils were measured according to ASTM D-97 method, and the results are set forth in Table 5 below. 
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IS 



20 



25 



30 



35 



40 



Run No. 



Lube Basestock 



Table 5 

Additive 
Concentration 
(wto/o) 



(ASTM D97) Pour Point TF) 



Low Molecular 
Weight Octadecyl 
Phenol 
Formaldehyde 
Condensate 



Sulfurized 
Octadecyl Phenol 
Formaldehyde 
Condensate 



32 
33 

34 
35 



A 
A 

A 
A 



0.00 


+ 15, +15 


+ 15. +15 


0.05 


+ 10. +15. +io! 


-10. -10, -15 




+ 10 




0.10 


-5, -5. -10, -10 


-20, -25, -25 


0.20 


-20. -15. -15. -15 


-40. -40, -35 


0.00 


+20. +20 


+ 20. +20 


0.20 


+20, +20 


-10, -10 



36 B 

37 B 

of the condensate at a particular alkylate carbon number average can still be improved by increasing its 
molecular weight, as illustrated by runs 36 and 37. 



Run No. 



45 



50 



55 



60 



38 
39 
40 
41 



Additive 

Example 18 
Example 18 
Example 24 
Example 24 



Table 6 
Oil 



10W-40 
10W-40 
10W-40 
10W-40 



VIS (mPa-^s) 

1.6 X 106 
1.6 X 106 
24.400 
26.000 



YS (Pascal) 



525 
525 
35 
70 



^x^x^^ r^'BslB 

with phenol Is also believed to account for the performance observed in Table 6. 

rSiJd^I distHlSe f"e!s used fn'these examples are designated below as fuels A through F. whose properties 
were as follows in Table 7: 
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Table 7 



Fuel A 


Fuel B 


Fuel C 


Fuel D 


Fuel E 


Fuel F 


Cloud Point 


+ 2 




-r 1^ 


-1- 14. 


0 


+4 


{''F) (ASTMD 














2500) 














Pour Point 


-15 


4-5 


-10 


+ 10 




-o 


{°F) (ASTM D 














97) 












34.4 


API Gravity 




40,9 


34.7 


35.1 


36.3 


(degrees) 














JAo 1 IVI U ^O/ ) 














Distillation 














(**F) ASTM D 














86 














IBP^ 


387 


370 


318 


384 


365 


368 


too/0 


437 


407 


408 


439 


395 


424 


200/O 


460 


427 


440 


461 


416 


452 


500/0 


518 


482 


500 


527 


481 


507 


900/0 


615 


576 


615 


630 


602 


600 


FBP2 


660 


608 


670 


668 


662 


649 


1 1nitial boiling point 














^Final boiling point 
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The alkyl phenol-formaldehyde condensates used in this example corresponded to the specific series of 
alpha-olefins set forth in the designated Example numbers, and ranged from 14 to 30 average carbon number. 
The results obtained are set forth in Table 8 below. 30 
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Table 8 

Effect w^ rinMc. Alkvi Phenol-Formaldehyde Condensates on the Clou d Points and Pour Points of Diesel 
' Fuels 



Run No. 



42 
43 
44 
45 
46 
47 



Run No. 



Additive 



Example 



48 
49 
50 
51 
52 
53 



Run No. 



Concen- 
tration 
(Wt.Q/0): 
Average 
Carbon 
No. 



12 Ci4 

14 Ci6 

11 Cl8 

18 C21 

19 C26 

20 C30 



Additive 



Example 



Concen- 
tration 
(Wt.0/0): 
Average 
Carbon 
No. 



54 
55 
56 
57 
58 
59 



12 Ci4 

14 C16 

11 C18 

18 C21 

19 C26 

20 Cao 



Additive 



Example 



Concen- 
tration 
(Wt.0/0): 
Average 
Carbon 



Fuel A 



0.0 



Cloud Point C^F) 



0.1 



0.2 



0.0 



Pour Point (^F) 
0.1 



0.2 



No. 



12 Ci4 

14 C16 

11 C18 

18 C21 

19 C26 

20 C30 



+ 2 
+ 2 
+2 
+ 2 
-1-2 

+ 2 N/P 



-1-2 
+ 2 
-6 
-4 
0 



N/P 



+ 2 


-15 


-15 


-25 


0 


-15 


-40 


-45* 


-8* 


-15 


-30 


-35 


-6 


-15 


-25 


-25 


0 


-15 


-20 


-15 




-15 


-15 


-15 



Fuel B 



0.0 



Cloud Point (^'F) 
0.1 



0.2 0.0 



Pour Point (°F) 
0.1 



0.2 



+8 
-F8 
+8 
+8 

+8 N/P 

+8 N/P 



+ 8 
+ 6 
-1-8 



N/P 
N/P 



+ 8 


+ 5 


+ 5 


+ 5 


H-8 


-h5 


-1-5 


+ 5 


+ 4* 


+ 5 


0 


0' 


-HB 


+ 5 


+ 10 


+ 10 




+ 5 


+ 10 


+ 10 




+ 5 


+ 5 


+ 10 



Fuel C 



Cloud Point (°F) 
0.0 0.1 



0.2 



0.0 



Pour Point (^F) 
0.1 



+ 12 
+ 12 
+ 12 
+ 12 
+ 12 

+ 12 N/P 



+ 12 
+ 10 
+ 6 
+ 4 
+ 10 



+ 12 
+ 10 
+ 4 
+ 4* 
+ 10 



N/P 



-10 
-10 
-10 
-10 
-10 
-10 



-10 
-40 
-20 
-10 
-5 
-10 



0,2 



-10 
-50* 
-30 
-10 
-5 
-10 
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Fuel D 



Run No. 


Additive 


Cloud Point (°F) 


Pour Point ("F) 










Concen- 


0.0 


0.1 


0.2 


0.0 


0.1 


0.2 








tration 




















(Wt. 0/0): 














5 




Example 


Average 


















Carbon 
No. 
















60 


12 


Cl4 


+ 14 


+ 12 


+ 12 


+ 10 


+ 10 


+ 5 


10 


61 


14 


Cl6 


+ 14 


+ 14 


+ 10 


+ 10 


-25 


-35* 




62 


11 


C18 


+ 14 


+ 8 


+ 8* 


+ 10 


-5 


-5 




63 


18 


C21 


+ 14 


+ 10 


+ 10 


+ 10 


+ 5 


+ 5 




64 


19 


C26 


+ 14 


+ 14 


+ 16 


+ 10 


+ 10 


-10 


15 


65 


20 


C30 


+ 14 


N/P 


N/P 

Fuel 


+ 10 

E 


+ 10 


+ 10 


Run No. 


Additive 


Cloud Point (°F) 


Pour Point ("F) 










Concen- 


0.0 


0.1 


0.2 


0.0 


0.1 


0.2 


20 






tration 


















(Wl.0/0): 


















Example 


Average 
Carbon 
No. 














25 


66 


12 


Cl4 


0 


-4 


-4 


-5 


-5 


-10 




67 


14 


C16 


0 


-2 


-4 


-5 


-25 


-30* 




68 


11 


C18 


0 


-8 


-10* 


-5 


-15 


-15 




69 


18 


C21 


0 


N/P 


N/P 


-5 


N/P N/P 


30 


70 


19 


C26 


0 


0 


0 


-5 


-5 


-5 


71 


20 


C30 


0 


0 


N/P 


-5 


-5 


-5 





72 


12 


Cl4 


+ 4 


+ 2 


+ 4 


-6 


-10 


-10 


73 


14 


C16 


+ 4 


0 


+ 2 


-5 


-35 


-40* 


74 


11 


C18 


+ 4 


-2 


-4* 


-5 


-15 


-20 


75 


18 


C21 


+ 4 N/P 


N/P 




-5 N/P 




N/P 


76 


19 


C26 


+ 4 


+ 4 


+ 6 


-5 


-5 


-5 


77 


20 


C30 


+ 4 


+ 4 


+ 2 


-5 


0 


0 



Fuel F 

Run No. Additive Cloud Point (°F) Pour Point (°F) 35 

Concen- 0^ 2:2 00 Ol 02 

t ration 
(Wt.0/0): 
Example Average 

Carbon ^ 
No. 



45 



Referring to Table 8. the asterisks indicate the most effective alkylate average carbon number for each fuel 50 
relative to cloud point and pour point. In most instances the optimum alkylate carbon number for pour 
depressancy is slightly lower than for cloud point depressancy. It should also be noted how quickly 
performance deteriorates relative to zero concentration of the additive as the alkylate average carbon number 
deviates from the optimum for each particular test. Moreover, this deterioration appears to occur faster as the 
average carbon number decreases from the optimum rather than increases. All of the optimum values of 55 
Table 8 are clustered within the C12 to C21 range. 
Comparative Example 9 

A lower temperature flow test was conducted on the same fuels employed and described in comparative 
Example 8 in Table 7. The Low Temperature Flow Test (LTFT) is a laboratory test which was developed to 
provided a better correlation than cloud point or pour point with the low temperature performance of 60 
automotive diesel fuels. In this method (ASTM D 4539), the temperature of a series of samples of test fuel is 
lowered at a controlled cooling rate of 1°C per hour. Commencing at a desired test temperature, and at 1°C 
intervals thereafter, a separate sample from the series is filtered through a 17-p.m screen until a minimum LTFT 
pass temperature is obtained. The minimum LTFT pass temperature is the lowest temperature at which a 
minimum of 180 ml of fuel can be filtered in 60 seconds or less. The results of the LTFT tests are shown in 65 
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15 



20 



for which Table 8 shows an optimum alkylate carbon average value of 18. 
Table 9 

Effect of Hexadecyl Phenol-Formaldehyde 
Condensate on Low Temp erature Filterability 

Low Temperature Flow Test C'F) 



Run No. Fuel 



Additive Concentration 
0.0 Wt. 0/0 0.2 Wt. 0/0 



78 A 

79 B 

80 C 

81 D 

82 E 

83 F 



+ 2 
+ 8 
+ 12 
+ 14 
0 
+ 4 



-12 
+ 8 
-6 
+ 10 
-8 
-8 



25 



30 



35 



40 



45 



50 



55 



Example 25 « ♦ ^ ♦k^ moi.:»ri iiar weiaht of the alkylated phenol-aldehyde condensates of 

In order to demonstrate the effect of t*^^ it^o ec^^^^^ lubricating oils, the octadecyl phenol 

the present invention with respect to its ability to ^^^^^^^.^/^^^^^ pure monooctadecylphenol (i.e.. 

produced in accordance with Example 1 l^^^J^^""^^^ Z exception that aliquots were 

without dialkylate). The reaction set forth ^^^^^^ n each al^uot was isolated by dialysis and its 

taken during the course of the polymerization ^^^^^^^^^^^^ gel permeation chromatography. 

accordance with Example 5 was substituted '^^^^^^^^^^^ o/o. The respective pour points for these 

Table 10 



Alkvl Phenol-Formaldeh vde Condensate 



Run No. 



Lube 
Basestock A 



Avq. Carbon 
Number of 
Additive 



Wt.-Avg. 
Molecular 
Wt. (GPC) 



No. Avg. 

Molecular 
Weight 
(GPC) 



84 A 

85 A 

86 A 

87 A 

88 A 

89 A 

90 A 



18 


3,000 


2,200 


18 


12,000 


5.400 


18 


18,000 


7,600 


17 


5,500 


1,500 


17 


6,000 


2,100 


17 


8.400 


2,500 


17 


32,000 


8,200 



Additive 
Concentra- 
tion (Wt.o/o) 



0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 



D-1 



ASTM 
Pour Po 



rn 

-15,-15, 
-35,-35, 
-40,-45, 
0,0, + 5 
-15.-15, 
-20,-25. 
-30.-30. 



present invention as defined by the appended claims. 
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Claims 



. A polymer composition capable of improving the low temperature flow properties of hydrocarbon oil 
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comprising the condensation reaction product of reactants comprising alkylated phenol, comprising at 
least 80 mole % dif unctional alkylated phenol, and aldehyde wherein : 

(a) said polymer composition has a number average molecular weight of at least 3.000 and a 
molecular weight distribution of at least 1 .5; 

(b) in said alkylated phenol reactant the alkyi groups: (i) are essentially linear; (ii) have between 6 5 
and 50 carbon atoms; and (iil) have an average number of carbon atoms beween 12 and 26. and 

(c) not more than 10 mole o/o of the alkyI groups on said alkylated phenol have less than 12 carbon 
atoms and not more than 10 mole o/o of the alkyI groups on said alkylated phenol have more than 26 
carbon atoms. 

2 The polymer composition of claim 1 wherein said aldehyde is formaldehyde. 10 

3. The polymer composition of daim 1 or claim 2 wherein said essentially linear alky! groups comprise at 
least 40 mole o/o alpha methyl substituted linear alkyI groups. 

4. The polymer composition of any of the preceding claims wherein said essentially linear alkyI groups 
comprise at least 50 mole o/o alpha methyl substituted linear alkyi groups. 

5. The polymer composition of any of the preceding claims wherein said average carbon number of said 15 
alkyI groups of said alkylated phenol Is between 14 and 24. 

6. The polymer composition of claim 5 wherein said average carbon number of said alkyI groups of said 
alkylated phenol is between 16 and 22. 

7. The polymer composition of any of the preceding claims wherein said average carbon number of said 

alkyI groups of said alkylated phenol is between 18 and 20. 20 

8. The polymer composition of claim 7 wherein said average carbon number of said alkyI groups of said 
alkylated phenol is between 1 6 and 1 9. 

9. The polymer composition of claim 7 wherein said average carbon number of said alkyI groups of said 
alkylated phenol is between 1 7 and 21 . 

10. The polymer composition according to any of the preceding claims wherein said molecular weight 25 
distribution is from 1 .5 to 34. 

11. The polymer composition of any of the preceding claims wherein said number average molecular 
weight is at least 4.000. 

12. The polymer composition of any of the preceding claims wherein said number average molecular 
weight is from 3,000 to 60,000. ^ 

13. The polymer composition according to any of the preceding claims wherein said polymer is 
sulphurised. 

14. The polymer composition of any of the preceding claims wherein said polymer forming reactants 
further include a comonomer having the formula: 

35 




(II) 




OH (III) 



40 



45 



wherein Re and R? are selected from the group consisting of hydrogen, alkyl. aryl, alkoxy. aryloxy. alkyI 
mercapto. and halogen. 

15. The polymer composition according to any of the preceding claims wherein said polymer forming 50 
reactants further include a comonomer having the formula: 
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Wherein Rs is independently selected fron, the group consisting Of h^^^^^^^ 

'itVTeTcfJmeTc?^^^^^^ 

'ri'TZ^^:^^'^'^^^^ Of improving the low temperature flow properties of hydrocarbon oil 
compns&ymerwhichcanberepresentedtjytheformula; 



10 



15 




(I) 



20 



25 



30 



35 



Wherein (a, R' comprises C. to C30 a.M; (b) B-epre^e-^^^^^^ 
from 6 to 50 carbon atoms; (c) 

alphaolefins having from 6to 50 carbon ^toms- prov^de^^^^^^ ax ^^^^^^ ^^^^ ^^^^^ 

R4 and R5 are alkyl; (d) in the alkyi 9;°"P^-^°"^^^^ have less than 12 carbon atoms 

is between 12 and 26; (ii) not more t^^n 10 m^e 9 ^^^^^ atoms, and (iii) said alkyl 

and not more than 10 mole oA, of said ^"V' 9~^P= '^^^^^^ said polymer has a number average 

number ofcarbon atoms of between 18 and^^^ ^^^.^ ^^.^ ^3 ^ ^^^ber average 

21.Thepolymericadditiveofanyof clams 17 to sa^d formula (I) is branched as a result of 

22 The polymeric additive of any of JT,*° ^J,^,^^^^^ 

crislinkingthroughcomonomerrepresented by the formula. 
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(II) 



wherein Re and are selected from the group consis«ng of hydrogen, alkyl. a.,., alkoxy. aryloxy. alky, 

T3^rpo;r?:Sditive of any of claims 17 t^^^^ ^'^ ^= ^ 

crosslinkingthroughcomonomer represented by the fomiula. 
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?8 ^.8 

H (III) 



10 

wherein Re is Independently selected from the group consisting of hydrogen, alkyi, aryl. alkoxy, aryloxy. 
aikyi mercapto and halogen. 

24. The polymeric additive of any of claims 1 7 to 23 wherein R' comprises CH 2 15 

25. The polymeric additive of any of claims 17 to 24 wherein said essentially linear alkyI groups comprise 
at least 40 mole % alpha methyl substituted linear alkyl groups. 

26. The polymeric additive of any of claims 22 to 25 wherein said comonomer is present in an amount of 
less than 1 0 wt.0/0 of said polymer. 

27. The polymeric additive of any of claims 17 to 26 wherein said essentially linear alkyl groups comprise 20 
at least 50 mole 0/0 alpha methyl substituted linear alkyl groups. 

28. The polymeric additive of any of claims 17 to 27 wherein said average carbon number of said alkyl 
groups of said alkylated phenol Is between 14 and 24. 

29. The polymeric additive of any of claims 17 to 28 wherein said average carbon number of said alkyl 
groups of said alkylated phenol Is between 1 6 and 1 9. 25 

30. The polymeric additive of any of claims 17 to 29 wherein said average carbon number of said alkyl 
groups of said alkylated phenol is between 1 7 and 21 . 

31 . The polymeric additive of any of claims 17 to 30 wherein said molecular weight distribution Is from 1 .5 
to 34. 

32. The polymeric additive of any of claims 17 to 31 wherein said number average molecular weight is 30 
from 3,000 to 60,000. 

33. A lubricating oil composition comprising a major amount of a lubricating oil fraction and a low 
temperature flow improving amount of polymeric additive comprising the condensation reaction product 
of reactants comprising alkylated phenol, comprising at least 80 mole 0/0 difunctional alkylated phenol, 

and aldehyde wherein: 35 

(a) said polymer composition has a number average molecular weight of at least 4,000 and a 
molecular weight distribution of at least 1 .5; 

(b) in said alkylated phenol reactant the alkyl groups: (i) are essentially linear, (ii) have between 6 
and 50 carbon atoms, and (ill) have an average number of carbon atoms between 12 and 26, and 

(c) not more than 10 mole % of the alkyl groups on said alkylated phenol have less than 12 carbon 40 
atoms and not more than 10 mole 0/0 of the alkyl groups on said alkylated phenol have more than 26 
carbon atoms. 

34. The lubricating oil composition of claim (a)33 comprising between 0.005 and 10 wt.0/0 of said additive. 

35. The lubricating oil composition of claim 33 or claim 34 between 0.01 and 2 wt.0/0 of said additive. 

36. The lubricating oil composition of any of claims 33 to 35 wherein said essentially linear alkyl groups 45 
comprise at least 40 mole 0/0 alpha methyl substituted linear alkyl groups. 

37. The lubricating oil composition of any of claims 33 to 36 wherein said polymeric additive is 
sulphurised. 

38. The lubricating oil composition of claim 37 wherein said polymeric additive contains between 5 and 10 
wt.0/0 sulphur. 50 

39. The lubricating oil composition of any of claims 33 to 38 wherein said essentially linear alkyl groups 
comprise at least 50 mole 0/0 alpha methyl substituted linear alkyl groups. 

40. The lubricating oil composition of any of claims 33 to 39 wherein said average carbon number of said 
alkyl groups of said alkylated phenol is between 14 and 24. 

41 . The lubricating oil composition of any of claims 33 to 40 wherein said average carbon number of said 55 
alkyl groups of said alkylated phenol Is between 16 and 19. 

42. The lubricating oil composition of any of claims 33 to 41 wherein said average carbon number of said 
alkyl groups of said alkylated phenol Is between 17 and 21. 

43. The lubricating oil composition of any of claims 33 to 42 wherein said molecular weight distribution is 

from 1.5 to 34. 60 

44. The lubricating oil composition of any of claims 33 to 43 wherein said number average molecular 
weight is from 4,000 to 60,000. 

45. The lubricating oil composition of any of claims 33 to 43 wherein said condensate-forming reactants 
further include comonomer represented by the formula : 
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(II) 



Wherein Re and R. are selected from the group consisting ot hydrogen. a.M. ary.. ^Koxy. aryloxy.^M 

T'-^^rj^catTcJlco.^^^^^^^ 

further Include comonomer represented by the formula: 




« (III) 



Wherein Re Is Independently selected from the group consisting of hydrogen. alKyl. aryl. alKoxy. aryloxy. 

t/:rfuMrom%3Uionofan^^^^^^^^^^ 

48. A fuel oil composition comprising product of reactants comprising 

amount of a polymeric additive compnsmg the c^^^^^^^^^ aldehyde, wherein: 

a,Ky.atedp^e« weight of at least 4.000 and a 

molecularwBlghtdistrlbution of at least 1^5: essentially linear, (ii) have between 6 

carbon atoms. . K«.+.A.aon n nn«5 and 10 wt. % of said additive. 

include comonomer represented by the formula: 
OH 

(II) 




Wherein Rs and R. are selected from the group consisting of hydrogen, alky., aryl. alKoxy. aryloxy. alkyi 
T5"Th^r.1,l;fom;"o 

include comonomer represented by the formula: 
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(II) 



and 



10 



15 



wherein Re is independently selected from the group consisting of hydrogen, alkyi, aryl, alkoxy. aryloxy. 
alkyi mercapto and halogen. 
66. The fuel oil composition of any of claims 48 to 55 wherein said essentially linear alkyI groups compnse 
at least 50 mole o/o alpha methyl substituted linear alkyI groups. 

57. The fuel oil composition of any of claims 48 to 55 wherein said average carbon number of said alkyI 
groups of said alkylated phenol is between 14 and 24. 

58. The fuel oil composition of any of claims 48 to 55 wherein said average carbon number of said alkyI 20 
groups of said alkylated phenol is between 16 and 22. 

59. The fuel oil composition of any of claims 48 to 55 wherein said average carbon number of said alky! 
groups of said alkylated phenol is between 18 and 20. 

60. The fuel oil composition of any of claims 48 to 55 wherein said average carbon number of said alkyi 
groups of said alkylated phenol is between 16 and 19. ^ 

61 . The fuel oil composition of any of claims 48 to 55 wherein said average carbon number of said alkyI 
groups of said alkylated phenol is between 1 7 and 21 . 

62. The fuel oil composition of any of claims 48 to 55 wherein said molecular weight distribution is from 
1.5 to 34. 

63. The fuel oil composition of any of claims 48 wherein said moleculiar average molecular weight is from 30 
3.000 to 60.000. 

64. A method for producing a polymeric additive suitable for improving the low temperature flow 
properties of hydrocarbon oil which comprises (1) providing alkylated phenol, comprising at least 80 
mole 0/0 difunctlonal alkylated phenol, derived from the reaction of (a) phenol and (b) linear alpha-olef in 
having (i) from 6 to 50 carbon atoms, (ii) an average carbon number of from 12 to 26. and (iii) not more 35 
than 10 mole o/o containing less than 12carbon atoms and not more than 10 mole o/o containing more than 

26 carbon atoms, said alkylation being conducted in a manner and under conditions sufficient to render 
the alkyI groups of said alkylated phenol essentially linear, and (2) condensing alkylated phenol consisting 
essentially of alkylated phenol provided in accordance with step (1) with a Ci to C30 aldehyde, so as to 
product a condensate of said alkylated phenol and said aldehyde having a number average molecular 40 
weight of at least 3.000 and molecular weight distribution of at least about 1.5 

65. The method of claim 64 including sulphurising said condensate. 

66. The method of claim 64 or claim 65 wherein said condensing step is conducted in the further 
presence of at least one comonomer represented by the formula selected from the group consisting of: 
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(III) 



Wherein Re. R7 and Re are each independently selected 3^°"^^^^^^^^^^^ 

alkoxy. aryloxy. aikyi mercapto and halogen and wherein said comonomer is present in an amoum 

"S'Vhe method of any of claims 69 to 71 wherein said zeolite catalyst has a free pore diameter of 
Txhe" method o^any of claims 69 to 72 wherein said alkylation is conducted using a moiar ratio of said 
'Ti:::::^^SSS:^'TTslS^^ conducted usmg a mdar ratio of said phenol to said 
Tp^ymeSdi^^^^^^^^^ 

the process of reacting alkylated phenol represented by the fonnula: 



OH 




(IV) 



Wherein R represents essentially linear aikyi having 

number of such carbon atoms in all of said a kyi 9^°"P!, ^^f ^',^.^"^5 ^"f^^^^^ 0/0 of said alkyi 

group consisting of trifunctionai monomers represented by the formula. 




(II) 



and tetrafunctional monomer represented by the formula: 
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wherein Re. Ry and Rs are selected from the group consisting of hydrogen, alkyl. aryl, alkoxy, aryloxy, alkyi 
mercapto and halogen, to form polymer condensate having a number average molecular weight of at least 
5,000 and a molecular weight distribution of at least 1 .5. 15 

76. The additive of claim 75 wherein said essentially linear alkyl groups comprise at least 40 mole o/o alpha 
methyl substituted linear alkyl groups. 

77. The additive of claim 75 or claim 76 wherein R has an average number of carbon atoms between 18 
and 20. 

78. The additive of any of claims 75 to 77 wherein Re. Rz and Ra are hydrogen. 20 

79. The additive of any of claims 75 to 78 wherein Ra is selected from the group consisting of hydrogen 
and methyl. 
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